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R. S. TARR AND LAWRENCE MARTIN 


INTRODUCTION 


The glaciation of the interior of Alaska forms a striking con- 
trast with that of the coast, where the glacial erosion forms pre- 
dominate, the deposits being largely under water. The interior, 
between the coast ranges and the Endicott-Rocky Mountain system, 
where the National Geographic Society’s parties made some 
studies in rg10 and 1911, has extensive glacial deposits of the con- 
tinental type, similar to those of United States, and previously 
described in part by Dawson, McConnell, Russell, Hayes, Spurr, 
Schrader, Mendenhall, Brooks, and many others. From 1867, 
when Dall' first announced the absence of glaciation on the middle 
and lower Yukon, to 1906, when Brooks? summarized the knowl- 
edge of glaciation in Alaska, and continuing to the present time 
there has been an increasing amount of specific information con- 
cerning the glaciation of the interior of Alaska. Most of this 
material has been gathered by the geologists of the Alaska Division 
of the U.S. Geological Survey. 

In this paper it is proposed merely to call attention to the avail- 
ability of this information and to emphasize the conditions in 
one of the large areas of glacial deposits of the continental type 
the Upper Copper River valley—where we made our observations 
in rgoro and 1911r. Here one type of deposit derived from the 
glacial drift, hitherto not described specifically from Alaska 
wind-blown loess or eolian silt—occurs in considerable amount, 
and is still being deposited. 

CONTINENTAL DEPOSITS IN ALASKA 

The areas on the coast of Alaska where glacial deposits occur 
are relatively small—(a) 1,600 square miles east of Yakutat Bay, 
(b) 16,000 square miles in the Cook Inlet-Susitna valley region 
(perhaps to be considered an interior area), and (c) smaller areas. 
possible errors of interpretation. Professor J. B. Woodworth has been good enough 
to read and criticize the manuscript. 

Read before the Geological Society of America, December 28, 1911. 

Published by permission of Henry Gannett, Chairman of the Research Committee 
of the National Geographic Society of Washington. 

t Amer. Journ. Sci., Second Series, Vol. XLV (1868), go. 


? Prof. Paper 45, U.S. Geol. Survey (1906), pp. 244-49. 
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The areas of continental glacial deposits in the interior are much 
larger and may be computed from Brooks’s map (Fig. 1) as follows: 
at least (a) 15,000 square miles in the Copper River basin, (6) 
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Fic. 1.—Map of Alaska showing areas of glacial deposits of the continental type 
dotted areas). Boundaries of glaciation shown by dashed lines. (After A. H. 


Brooks.) 
27,000 square miles in the Tanana and Kuskokwim valleys, (c) 


17,000 square miles in the Yukon Flats, (d) several thousand square 
miles on the upper Yukon region in Canada, and smaller areas. 
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The Tanana—Kuskokwim valley area is clearly one of glacial out- 
wash extending far outside the limit of glaciation, as the silt-laden 
streams from existing glaciers testify. Whether the Yukon Flats 
area is entirely glacial outwash is not absolutely clear. Russell 
thought it a flood-plain deposit and Spurr a lake bottom. The 
narrow strips of Pleistocene silts, sands, and gravels along the 
rivers, and the broad expanse of the Yukon-Kuskokwim delta 
have not been specifically considered in this paper, although 
distant existing glaciers are still supplying much of the sediment 
even to these regions. 


GLACIAL DEPOSITS OF THE COPPER RIVER BASIN 


The upper Copper River flows through an intermontane basin 
which it shares with the headwaters of the Susitna River. This 
basin is walled in by the Alaska Range and the Nutzotin, Talkeetna, 
Wrangell, and Chugach mountains. It is clear that the area of 
Pleistocene in the upper Copper River valley is wholly of glacial 
origin. The nature of this intermontane basin is such that prac- 
tically none of the glacial débris escaped down the stream outlets. 

Here the topography and the glacial material have been 
described in more or less detail by Hayes, Schrader, Mendenhall, 
Spencer, Moffit, Maddren, Capps, and others,’ and here the junior 
author of this paper in 1910 and both of us in 1911 made the obser- 
vations which form the basis of the present discussion. 

Area covered by drift-—Throughout over 15,000 square miles 
(Fig. 1), an area at least equal to the portion of Illinois covered by 
drift deposits of the last glacial epoch, the basin of the upper Copper 
and Susitna rivers has glacial deposits which dominate the region. 

*C. W. Hayes, Nat. Geog. Mag., Vol. IV (1892), 135-36; W. C. Mendenhall, 
20th Ann. Rept., U.S. Geol. Survey, Part VII (1900), 282-84; F. C. Schrader, ibid., 
pp. 384-86, 410-12; F. C. Schrader, and A. C. Spencer, House Doc. 546, 56th Cong 
2d sess. (1901), pp. 29-30, 58-61, 62-75; Oscar Rohn, 2rst Ann. Rept., U.S. Geol. 
Survey, Part II (1900), 408-9; W. C. Mendenhall and F. C. Schrader, Prof. Paper 
15, U.S. Geol. Survey (1903); W.C. Mendenhall, Prof. Paper 41, U.S. Geol. Survey 
1905), Pp. 19-22, 62-74, 79, 88-90; F. H. Moffit and A. G. Maddren, Bull. 374, 
U.S. Geol. Survey (1909), pp. 37-42; S. R. Capps, Bull. 417, U.S. Geol. Survey (1910 
pp. 36-42; S. R. Capps, Jour. Geol., Vol. XVIII (1910), 38-39; F. H. Moffit and S. R. 
Capps, Bull. 448, U.S. Geol. Survey (1911), pp. 43-52; S. R. Capps, Jour. Geol., Vol 
XX (1912), 420-21, 428-30; F. H. Moffit, Bull. 498, U.S. Geol. Survey (1912), pp. 
39-44, 51-53. 
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Except near the mountains, no rock outcrops are known. The 
topography is wholly glacial. The material is till, gravel, sand, 
silt, clay, and loess. 

Thickness of deposits—The observed thickness of the drift is 
500-700 feet’ in places, and may exceed 1,000 feet. This great 
thickness, in flat plains at a considerable distance from the moun- 
tains, forms a striking contrast with the drift of the region south 
of the Great Lakes, where it rarely exceeds 400 feet in thickness 
and averages 115 feet in Illinois, as determined by Leverett, and 
40 to 250 feet in southeastern Wisconsin, as determined by Alden. 

Plains topography.—The plains topography dominates the upper 
Copper River valley, the level of the country rising from 600-800 
feet, at the southern edge near the lowest outlet of the basin across 
the Chugach Mountains, to 3,600 feet near the Alaska Range 
from which the northern portion of the glacial drift was derived, 
and 5,000 feet on the slopes of the Wrangell Mountains to the east. 
The broad area of monotonously even plains is shown along the 
route traversed in 1898 by Mendenhall, from Cook Inlet to the 
Alaska Range, a distance of over 100 miles, and our own route 
across this basin in 1911 from the head of the Copper River canyon 
at Chitina to the Delta Pass, 160 miles. 

Streams have cut deeply (500-800 feet) into the outwash 
plain, opening out wide valleys, either because of recent uplifts, 
or, as we think much more probable, because of increased ability 
to erode because the retreating glaciers have retired into the moun- 
tains, are no longer excessively overloaded, and have replaced 
aggradation by degradation. Within the bordering mountain 
valleys this degradation results in the leaving of lateral terraces 
of thick bench gravels. 

Dominance of outwash.—Outwash gravel, sand, and silt are 
the chief materials making up the surface of this plain, many of 
the beds being of alternate weakness and resistance. Lake deposits 
also make part of the flat topography. 

Till of the normal sort.—There is also much till of the normal 
sort, covering large areas and 400-600 feet thick, but in much 

*W. C. Mendenhall, Prof. Paper 41, U.S. Geol. Survey (1905), p. 63; F. H. 
Moffit and S. R. Capps, Bull. 448, U.S. Geol. Survey (1911), pe 49» 
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of the Copper River basin the till is buried beneath the outwash. 
Knobs and kettles, and lakes and swamps are abundant in the till 
areas. Kames and eskers are present, but thus far no one has 
found drumlins. 

Alternation of beds.—The alternation of silt and gravel with 
bowlder clay suggests either a complexity of the period of deglacia 
tion, or else that pro-glacial outwash gravels, laid down by glacia! 
streams in front of the advancing ice sheet, are to be identified 
below the till beds, with post-glacial outwash, from the retreating 
ice, above. Sharply folded structures in the stratified clays and 
silts show the effects of this overriding. Weathering has not 
been recognized in the lower beds, so that interglacial epochs 
are not yet suggested by the Alaskan drift. 

Volcanic complications.—Near the mountains the presence o 
lava flows, resting upon, and even intruded in, glacial deposit 
has been described by Schrader and Spencer,’ and the complica 





tion of past and future ash showers upon the drift is suggested by 
volcanic ash in some parts of Alaska with thicknesses of a few inche 
to 75 or 100 feet in an area of many hundred square miles. Present 
eruptions of Mt. Wrangell, as in April, rg11, show that this 
process may occur in the future, leaving volcanic ash beds upo1 
or inter-stratified with the till, outwash, and vegetation of the 
Copper River valley. In at least one locality 35 miles from the 
nearest active volcano, Mt. Wrangell, enormous masses of angu 
lar volcanic rock occur in blocks, buried in the outwash gravels 
and till beds, suggesting either volcanic showers of large bombs 
or material carried in glacial floods, as in Iceland. These 
volcanic fragments are abundantly exposed in 1910 and 1g11 in 
cuts along the newly constructed railway, near Chitina. Other 
occurrences of the same sort are known, as much as 45 miles 
from Mt. Wrangell. 

Lake deposits.—Large areas of very flat topography with clayey 
soil suggest former, local, glacial lakes, and some of the sections 
reveal over 300 feet of fine silt with a few scattered stones, perhaps 
dropped by floating icebergs. In some sections, measured by 

'F. C. Schrader and A. C. Spencer, House Doc. 546, 56th Cong., 2d sess. (1901), 
p. 59 and PI. XI, A, facing p. 54. 
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Mendenhall, no striated pebbles were found, but other clays with 
striated pebbles have been observed. 

Sand dunes.—Overlying the outwash and till, in places, are 
dunes, and the thickness of the sand is over 20 feet in one case. 
The cross-bedded sand, in other localities beneath till, gravel, and 
clay suggests either older sand dunes or cross-bedded outwash, 
but whether in pro-glacial deposits or in recessional deposits of an 
earlier oscillation is uncertain. The dunes observed are at the very 
edges of bluffs and the wind-blown material was derived from the 
modern outwash plains. Dune sand has been described by 
Schrader.and Spencer,* and by Mendenhall,? and the authors 
have observed the same phenomena near the junction of the Copper, 
Chitina, and Kotsina rivers. 

Finer wind-blown material than the dune sand has not pre- 
viously been observed to our knowledge, except by Schrader and 
Spencer in 1900. They noted’ that “besides wind-blown deposits 
in the forms of dunes, the surface soil is frequently composed of 
tine sand, doubtless of similar origin, and careful investigation 
would probably show that eolian deposits are rather generally 
distributed over the Copper Basin.” 


THE LOESS OR EOLIAN SILT* OF THE COPPER RIVER BASIN 


Localities.—The localities where we have observed loess soil 
r eolian silt are (a) at Chitina near the southern edge of the Copper 
River basin just north of the Chugach Mountains; (}) at a number 
of localities along the military trail between Chitina and the 
Delta River pass across the Alaska Range, scattered throughout 
a distance of over 160 miles; and (c) near the junction of the 

« F. C. Schrader and A. C. Spencer, House Doc. 546, 56th Cong., 2d sess., 1901, 
p or. 

2W. C. Mendenhall, Prof. Paper 41, U.S. Geol. Survey (1905), pp. 64-65, 72. 

3 Op. cit., p. 61. 

4 Professor T. C. Chamberlin has suggested that this coarse wind-blown deposit 
from Alaska be called by some such name as Eolian silt or Loess soil, because of the 
lesirability of retaining the term Loess as a structural term rather than one that is 
purely genetic, especially as a hard-and-fast genetic classification could not be justi- 
fied historically and presents insuperable difficulty in such a region ‘as China, the great 
home of the loess, where fluvial loess and eolian loess are most intimately intermingled. 
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Tanana and Delta rivers in the interior plateau. The samples 
described and the pictures shown are chiefly from the first of these 
localities, where the loess soil was clearly exposed in 1910 and 1911 
in the new railway cuts. 

Lithological character —Most of the eolian silt or loess is dark 
brown and made up of fine dust. The color is due to included 
fragments of vegetation, making the deposit resemble the peaty 
soil which is also abundant in the region. 

Professor B. Shimek, of the University of Iowa, who has been 
good enough to examine our samples, states‘ that they are not 


Fic. 2.—Exposure of loess soil or eolian silt near Chitina, Copper River basin 


Alaska, with stump horizons. 


exactly physically like the loess of United States, one of them resem- 
bling the finest sand which sometimes underlies the loess. This 
coarseness of the material, which is clearly wind-blown, is what 
should be expected with the different conditions of loess- 
accumulation in Alaska and in the Mississippi Valley. 

The samples collected in Alaska by the authors have been 
studied under the microscope by Professor Edward Steidtmann, 
of the University of Wisconsin. They are made up of particles of 
various minerals, especially mica, a little feldspar, rare quartz, 
ferro-magnesian minerals, and some carbonates. There is no 


t Letter, December 23, 1o1t. 
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decomposition of the mineral particles, which are exceedingly 
angular. Their size varies from .03 to .5 millimeters. 

As the loess from the Mississippi Valley averages under 0.0025 
to .005 millimeters in diameter," and the maximum size rarely 
exceeds 0.11 millimeters it is apparent that there must be special 
reasons why these eolian deposits from the Copper River valley 
in Alaska are exceptionally coarse. The unusual conditions of 
deposition of this coarse Alaskan accumulations are explained later 

p. 300). 

Topography.—The topography of this eolian silt is smooth, 
molded to the underlying bedrock or drift topography, and never 
dune-like. The exposures show typical steep cliffs, where cut into 
by streams and by railway grades. There are many vertical joints 
and the exposure is, therefore, much like those of the loess in the 
Mississippi Valley and in other localities in the Middle West. 

Thickness of deposits —The thickness is from a few feet to 40 
or 50 feet, and in one case 80 feet. Some of the deeper cuts do 
not reach the bottom of the deposit. In a few places the bottom 
of the loess soil is revealed as a sharp contact with glacial outwash 
gravel or till. 

Fossils.—Shells of terrestrial? animals are abundant in the 
exposures, and their presence 20 to 40 feet below the surface and 
back several feet from the faces of cuts in recent railway excavations 
is clear evidence that these are the fossils of animals which lived 
during the period of accumulation of the deposits. 

Vegetation—The included vegetation is well-preserved wood 
in minute fragments and good-sized logs (Fig. 3). There are also 
upright stumps of trees, up to a foot in diameter and in some of 
the thicker deposits those are found in layers several feet apart 
and one above the other. The greatest number of layers of stumps 
that we have seen was 7, and as these stumps were all clearly 
in place, it may be assumed that the wind-blown deposit has 
accumulated during the time necessary for the growth of 7 
generations of trees. The present forest upon the loess surface is 
thick and mature (Fig. 4). Many of the modern trees are 11 to 

tT. C. Chamberlin and R. D. Salisbury, 6th Ann. Rept., U.S. Geol. Survey 
1885), pp. 279-80. 


2 Collected in 1911 and determined by Professor B. Shimek. 
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12 inches in diameter. Some of them show 160 rings of annual 
growth. As there are 7 or more generations of such buried stumps, 








Fic. 3.—Five or six generations of stumps buried in loessian deposit near Chitina, 
Alaska. 
this suggests that the region has been deglaciated at least 700 to 
1,000 years as a minimum, for during at least this period the eolian 
deposit has been accumulating. 
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Relationships of occurrence.—Most of the localities where loess 
soil has thus far been observed in Alaska are upon the edges of 
bl 
of gravel, sand, and fine silt are being transported by the present 
glacial streams, which have rather steep grades and flow 5 to 7 
miles per hour. The grade of the main Copper River, for example, 
averages 7 to 12 feet to the mile, in contrast with the Mississippi 


ffs or within a mile or two of the rivers. Here vast quantities 


| Ohio whose grades average less than half a foot to the mile. 
[he mean annual rainfall in the Copper River basin is about 





Fic. 4.—Mature forest growing upon wind-blown deposit, Copper River basin, 
\laska. 


+ inches, only 3 or 4 inches of which come during the summer 


months when the snow is off the ground. The deposits left by the 
rivers at low water are, therefore, normally dry and easily blown 
ibout by the wind. Severe sand and dust storms are prevalent, 
indicating the origin of these loessian accumulations in Alaska as 
wind-blown deposits. We ourselves have witnessed these severe 


0 


lust storms in 1910 and 1911 and they have been reported by 
many others from Copper River basin and adjacent regions." 
Rohn states, for example, that on one occasion in 1899 the material 
whipped up from the outwash plain “was so thick that it was impos- 

‘Oscar Rohn in W. R. Abercrombie’s Copper River Exploring Expedition, 1899, 
Washington, Government Printing Office, 1900, p. 127. 
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sible to see more than a few rods, and to face it was positively 
out of the question.” Upon the loess-covered surfaces there is, 
variably, (a) thick forest (Fig. 4), (b) sparse vegetation, (c) grassy 
slopes, and (d) bare soil. Near where the present transportation 
of the finer material by the wind can still be observed, the grass 
and trees are notably dusty and there are many dead trees, still 
standing erect. Doubtless the stumps in the loessian deposits 
represent trees killed by dust accumulating about their trunks. 
The preservation of this wood seems to be due to burial in the 
compact eolian deposit, perhaps in part to the frost, which may 
also have had something to do with the killing of the trees. The 
shortness of the stumps seems to come from the fact that the wind 
blew down the dead tree trunk after it was thoroughly dry, but 
before it was deeply buried in the loess soil. 

The conditions found in the Copper River basin favoring the 
transportation of dust by the wind and the deposition of eolian 
silt or loess are: (a) abundant water from glaciers, (6) much 
sediment, (c) anastomosing branches, (d) shrinkage of the streams 
in the fall and spring when winds are strongest, (e) a rather dry 
climate, and (/) dust storms. 

In comparison with other areas of similar accumulations th: 
Copper River basin has loessian accumulations as (@) terrestrial 
deposits; (b) as in some cases (for example, the Mississippi Valley 
associated with glaciation; (c) as in some, perhaps all, cases, thick 
est along rivers; (d) coarser than that of the Mississippi Valley. 
This coarseness may be due to (1) the nearness of the rivers; (2) the 
violence of the winds here; (3) the coarser sediment carried in the 
steep-grade streams of Copper River basin as compared with the 
less steep grade of the Mississippi and its glacial tributaries. 

CONCLUSION 

The presence or absence of all these drift deposits seems to be 
chiefly a matter of favorable topography and drainage. The 
deposition of the loess or eolian silt seems to be directly related to 
the glacial outwash, to variations of river volume and water level, 
to the amount of rainfall, and to the winds. Existing deglaciation 
in the interior of Alaska is apparently a process much like that 
formerly in progress in northeastern and central United States. 





























THE UNCONFORMITY AT THE BASE OF THE 
ONONDAGA LIMESTONE IN NEW YORK AND 
ITS EQUIVALENT WEST OF BUFFALO" 


EDWARD M. KINDLE 


INTRODUCTION 

The importance of stratigraphic breaks has recently been 
emphasized by a geologist in the following words: ‘The discovery 
of such breaks, whether previously suggested by faunal evidence 
or not, is the most important duty of the progressive stratigrapher.”” 
If the demonstration of these breaks is included as a part of the 
duty of the stratigrapher, most geologists will heartily agree with 
this sentiment. Stratigraphic breaks not fully supported by 
evidence have much the same status in geology as have new species 
which have been discovered but not figured or described. They 
may or may not be genuine, but in either case they are outside 
the pale of science until their sponsor has submitted valid evidence 
of their existence. 

The present paper is intended as a contribution to the demon- 
stration and synthetic discussion of a particular unconformity. 
A stratigraphic break with so great a lateral extent as the one 
separating the Onondaga and pre-Onondaga sediments merits a 
more detailed description than it has yet received. The discon- 
formity® at the base of the Onondaga limestone, although previously 
known in western New York‘ and Ontario,’ has not hitherto been 

* Published with the permission of the Director of the U.S. Geological Survey 
and the Director of the Canadian Geological Survey. 

2 Bull. Geol. Soc. Am., XXII (1911), 541. 

3 The term disconformity will be used in the sense proposed by Dr. Grabau 
Science, N.S., XXIX [1905]) where it is applicable in this paper; but it passes, as 
vill be shown, into a clino-unconformity (Crosby, Jour. Geol., XX [1912], 296) in 
its western phase. The broader term unconformity is used to include both types of 
stratigraphic break. 

4J. M. Clarke, Memoirs New York State Mus., No. 3 (1900), pp. 96-98; A. W. 
Grabau, Bull. New York State Mus., No. 45 (1901), pp. 117-20. 

5C. R. Stauffer, Bull. Geol. Soc. Am., (1912), pp. 373-75. 
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shown to be coextensive with the stratigraphic break at the base 
of its western equivalents in Ohio and Indiana. It remains to 
point out the continuity of this break across a wide belt of country 
extending about 7oo miles from eastern New York to the Ohio 
and Wabash rivers. The Onondaga age of certain sandy beds 
at the base of the Onondaga limestone in New York which have 
generally been referred to the Oriskany will also be indicated. 
NEW YORK 

Eastern and central New York.—The unconformity at the base 
of the Onondaga though widely extended seems not to have been 
universal in eastern New York. In southeastern New York there 
appears to have been no interruption between the Esopus-Schoharie 
epoch of sedimentation and that of the Onondaga limestone. The 
fine grits of the former appear, as noted by Van Ingen,’ to pass 
very gradually and almost imperceptibly into the impure limestone 
beds at the base of the latter without any indication of a physical 
break. There is, too, more resemblance between the fauna of the 
Onondaga and that of the preceding fine siliceous sediments than 
could be expected if a physical break had intervened between the 
periods of their deposition. The presence in the Onondaga of 
Anoplotheca acutiplicata, which is the only common fossil in the 
Esopus of southeastern New York and adjacent parts of New Jersey, 
is significant of uninterrupted sedimentation. The failure of many 
species of the Schoharie to persist into the Onondaga would, of 
course, be inevitable even with sedimentation uninterrupted, 
because of the marked difference in the two kinds of sediments and 
corresponding differences in the conditions under which they wer 
laid down. 

While in southeastern New York it appears that the Onondaga 
limestone sedimentation followed Schoharie sedimentation with 
out interruption of marine conditions, in central and in a portion 
of eastern New York the evidence is conclusive that the Onondaga 
limestone was deposited over an extensive area which was sub 
merged shortly before its deposition. Throughout central and 
western New York there is no trace of the 300 feet of Esopus 


* Bull. New York State Mus., No. 69, (1903), p. 1204. 
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and Schoharie formations which, in the Hudson and Delaware 
valleys, separate the Oriskany from the Onondaga above. In 
the east-central New York region the Onondaga limestone rests 
upon an old eroded land surface composed sometimes of the 
Oriskany sandstone, but much more frequently of limestone of 
the Helderberg group. The basal beds of the Onondaga if followed 
westward across New York are seen to rest successively on con- 
formable Schoharie in southeastern New York, disconformable 
Oriskany sandstone and limestone of the Helderberg group and 
finally upon Silurian strata in the western part of the state. The 
physical evidence of the disconformity in this region includes 
both an irregular or angular contact surface between the Onondaga 
and subjacent beds and a basal sandstone or conglomerate. The 
latter is usually less than a foot thick and frequently comprises 
only a few inches of calcareous sandstone with occasional fragments 
of limestone from the Helderberg below. This sandy bed at the 
base of the Onondaga frequently grades upward into the limestone 
and gradually merges itself into it. The maps and reports which 
deal with the Devonian in central New York usually refer this 
basal sandy bed beneath the Onondaga limestone to the Oriskany. 
There can, however, be but little doubt that it represents reworked 
Oriskany sand. But it cannot properly be referred to the Oriskany 
because Oriskany fossils are absent and Onondaga fossils are 
frequently present in it. This thin basal sandstone band at the 
base of the Onondaga is well exposed at the Splitrock quarry 
southwest of Syracuse. At the east end of the Splitrock quarry 
the 4 or 5 ft. of Onondaga limestone is separated from the Helder- 
berg below by a thin band of sandstone. The lower 2 in. of the 
sandy beds is probably 75 per cent sand in a calcareous matrix. 
(he percentage of sand decreases and the lime increases upward 
gradually until all of the sand disappears within 1 ft. of the top 
of the Helderberg. Only about 6 in. of the sandy band at the 
base of the Onondaga could properly be called a sandstone and no 
sharp line of demarkation between this and the slightly less sandy 
base of the limestone could be drawn. The absence of Oriskany 
fossils from this basal sandstone and the presence in it of Onondaga 
corals at the very base of the bed clearly indicate that it belongs 
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with the Onondaga rather than the Oriskany sediments, as here- 
tofore classed. In places in the eastern part of this quarry the 
basal bed of the Onondaga includes, in addition to fine sand, flat 
or oval fragments of the underlying limestone and, more rarely, 
a rounded pebble of the original Oriskany sandstone. The con- 
tact of the sandstone band with the Helderberg is everywhere 
sharp and clearly defined in marked contrast with the merging 
contact between the sandy band in the Onondaga above. Some- 
times the fine sand penetrates downward into small joints in the 
Helderberg a short distance. The thin basal sandstone, which I 
include in the Onondaga formation because of the presence in it 
of Onondaga fossils, has perhaps its average development at 
Splitrock. In some areas, however, it is wanting or represented 
only by a mere film of sand at the contact of the Onondaga and 
Helderberg. The quarries near Manlius, N.Y., show the minimum 
development of this sandy band. In some of the Manlius quarries 
there is no sandstone band at the base of the Onondaga, and frag- 
ments of the basal band of this limestone afford no evidence of the 
presence in them of sand until dissolved in acid, when a small 
residue of very fine sand is left. The exact line of contact between 
the Onondaga and Helderberg is easily recognized in the Manlius 
quarries, where the sandstone is absent, owing to contrast in the 
appearance of the two limestones. The latter is a fine-textured, 
hard, dark-blue limestone with few fossils and no crinoid stems, 
while the Onondaga limestone is a light-gray, coarsely subcrystalline, 
crinoidal limestone with numerous corals. Some of the corals are 
of rather large size. One Favosite was observed having its base 
resting on the basal stratum of the Onondaga which has a diameter 
of 1 ft. Evidence of the disconformity at the contact of these 
limestones is sometimes distinctly seen in its irregular and angular 
character, as shown in the photograph (Fig. 1), taken at a quarry 
one-fourth mile northeast of Manlius. The evenly-bedded Helder- 
berg is here trenched by a shallow troughlike depression about 
8 in. in depth, on the side of which the blade of the hammer is 
seen resting in the photograph (Fig. 1). No trace of residuary 
clay remains in the Manlius region at the base of the Onondaga, 
even where eroded depressions like the one shown in Fig. 1 might 
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be expectéd to retain it. The Onondaga limestone, however, 
shows some inclusions in its basal strata of fragments of the Helder- 
berg which were less readily removed by wave action than the 
subaerial clays which the advancing Onondaga sea must have 
swept away to other areas. While angular contacts, like the one 
shown in the figure, are not uncommon, the more usual character 
of the contact is a horizontal line which affords evidence neither 
for nor against unconformity with subaerial erosion. It should 
pointed out, however, that adjacent disconformable beds, 
owing no discordance in dip, may have junction over a limited 


Fic. 1.—The disconformity between the Onondaga limestone and limestone of 
Helderberg group at Manlius, N.Y. The hammer rests on the older formation. 


area in a flat plane which represents a considerable amount of 
subaerial erosion. Even limestones which have experienced the 
extensive erosion of the present cycle of subaerial degradation in 
New York may still retain a horizontal upper surface over a 
limited area. Some of the quarry sections near Manlius, N.Y., show 
that the contact of the Helderberg and the superposed residuary 
clay meet along a perfectly horizontal line, although erosion has re- 
moved from this particular area many hundreds of feet of rocks. 
While the Onondaga limestone rests on the Helderberg, or a 
thin band of sandstone which, like that at Splitrock, belongs to 
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the Onondaga over considerable areas in central New: York, the 
Oriskany sandstone is present in many districts. The irregular 
distribution and great variability in thickness of the Oriskany 
seem to indicate that the widely scattered patches of the formation 
represent the remnants of the formation which have been left by 
the cycle of subaerial erosion which preceded Onondaga deposition. 
These scattered patches of the Oriskany vary in central New York 
from 1 ft. or less to 18 or 20 ft.‘ in thickness. The latter thickness 





Fic. 2.—Contact of Oriskany sandstone and Onondaga limestone near Jamesville, 
N.Y. The end of the hammer handle marks the top of the Oriskany and rests upo 
the etched surfaces of the uppermost band of the Oriskany fossils. 


has been reported for the Oriskany on the east side of Skaneateles 
Lake by Schneider. The contact of the Onondaga and the Oriskany 
is well exposed in the vicinity of Jamesville, N.Y. In the cliffs 
near the lake, one-half mile northeast of town, the Oriskany is 
represented by 30 inches of hard, dark-gray, quartzitic sandstone 
containing Spirifer arenosus and other Oriskany fossils. The 

t Philip Schneider, Noles on the Geology of Onondaga County, N.Y. Syracuse, 
N.Y.: privately printed, 1894. Pp. 47. 

C. C. Wheelock, “The Oriskany Sandstone,” Proc. Onondaga Acad. Sci., | 


(1903). 43. 
J. M. Clarke and D. D. Luther, “Geologic Map of the Tully Quadrangle,” 
Bulletin New York State Mus., No. 82 (1905), p. 43- 
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stratum of the Onondaga limestone immediately above the Oriskany 
in this section contains a considerable amount of sand, as it does 
at Splitrock where the Oriskany is absent. The large and numerous 
Oriskany fossils cease abruptly at a definite plane a little below 
the top of the arenaceous beds and thus indicate precisely the top 
of the Oriskany. The sandy element of the basal beds of the 
Onondaga limestone disappears within from 4 to 10 in. of the top 
of the Oriskany. The contact of the two formations and the large 
Oriskany fossils in the lower formation which project beyond the 
surface of the weathered sandstone are shown in the photograph 
Fig. 2). Southwest of Jamesville one-half mile, at the cascade 
west of the reservoir outlet, the thickness of the Oriskany is about 
twice that seen in the lake cliffs northeast of town. The section 
exposed at this point shows: 


JAMESVILLE SECTION Ft. 

Light-gray limestone with corals and other fossils (Onondaga).......... 7 
Hard dark-colored sandstone cemented with lime and holding Oriskany 

ST IIE « B dic es beiineidcchaccsewere cdecdamebiameceeenes 6 

Thin and evenly bedded dark lead-gray limestone (Helderberg)......... 15 


The Onondaga limestone forms the top and the Helderberg the 
bottom of the fall. The characteristic chert lenses will be noted 
in the Onondaga limestone above the hammer in the photograph 
(Fig. 3). 

West of the Finger Lake region the disconformity at the base 
of the Onondaga eliminates from the section not only the Schoharie 
and Esopus but the Helderberg as well, letting the Onondaga 
rest in the western part of the state upon rocks of Silurian age. 

Western New York.—The disconformity which marks the break 
n sedimentation between the Silurian and Devonian systems in 
western New York is very plainly indicated by both the physical 
and the faunal evidence in the vicinity of Buffalo. The contact 
of the Cobleskill and Onondaga limestones is marked by an irregular 
line in the Falkirk cement quarries and in many other places in 
the same region. One of the localities where eroded depressions 
in the Cobleskill may be seen at the base of the Onondaga is in 
the rock cut of the Lake Erie & Western R.R. near its intersection 
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with Main Street in northeast Buffalo. Here the abruptly undulat- 
ing line of separation between the Onondaga limestone and the 
subjacent Cobleskill is frequently marked by a band of clay or shale 
a few inches in thickness. In the quarry of the Buffalo Cement 





Fic. 3.—Oriskany sandstone and adjacent beds of the Onondaga limesto 
and limestone of the Helderberg group southwest of Jamesville, N.Y., } mile. Lowe 
end of hammer handle marks the top of the Oriskany. The Helderberg forms t! 
foot of the fall. 


Company small caverns appear to have been developed in th: 
Cobleskill during the land interval at the end of Silurian time 
These contain sand fillings which have been described by Dr. J. M. 
Clarke.'. At the cement quarries near Akron a thin band of blue 


* Memoirs New York State Mus., No. 3, III (1900), 98. 
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clay or dark shale generally marks the unconformity. The follow- 
ing section just north of Newmans Akron Cement Works will 
show the character of the unconformity here. 


NEWMANS CEMENT WORKS SECTION 


Onondaga— Ft. In. 
Le SE EE I ook vs Sines ees eikews cdi eeeweet Sow 
Gray coralline limestone. . Gund erin ute seeweauiicunen 20a e aoeete ene 4-5 
Dark coffee-colored calcareous shale 
Corals and dark shale... . anicane wen iinet ae ecedane oe 4 

Interformational clay— 

Bluish gray shale, much like clay, with limestone pebbles. ........ I 

Cobleskill— 

Drab-colored magnesian limestone. ................. ok er 


Fig. 4 shows the highly irregular and uneven character of the 
eroded surface of the Cobleskill on which the Onondaga was 
deposited. At the large quarry, 1 mile northwest of Akron, the 
stripping of the Onondaga limestone down to the top of the Coble- 
skill has exposed the upper surface of the latter over a surface of 
several hundred square yards. This shows admirably the irregular 
hummocky surface which was covered by the sea during the 
Onondaga submergence. These inequalities in the surface of the 
Cobleskill rise above the troughs which separate them from 4 to 
6 ft. The surface resembles in its irregularity that which may 
often be seen where the residuary clay has been stripped from a 
limestone in the process of quarrying. 

ONTARIO AND OHIO 

The field observations of the writer on the unconformity at 
the base of the Onondaga limestone include sections in both Ohio 
and Ontario. But the recent detailed work of Dr. C. R. Stauffer" 
in these areas on the Onondaga and associated beds will make 
citation of this author’s results, together with some supplementary 
observations of the writer, suffice for this discussion. 

Ontario.—The Onondaga limestone west of Buffalo rests either 
on the Oriskany sandstone or the Salina formation where the 
Oriskany is absent as far west as Springvale, Ontario. To the 
westward of Springvale the Onondaga lies disconformably on a 


* Bull. Geol. Soc. Am., XXIII, 371-76. 
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limestone bed in the upper part of the Monroe formation, to which 
Scherzer, Grabau, and others have applied the name Anderdon 
limestone. This bed holds a peculiar fauna of supposed Silurian 
age. 

In Ontario the relationship of the Oriskany sandstone to the 
Onondaga limestone seems to have been misunderstood until 
very recently. Collections and lists of fossils made by the earlier 
students of the Ontario Devonian purporting to represent the 
Oriskany have shown a large proportion of Onondaga species. 
This has led to the generally accepted view that a fauna existed in 





Fic. 4.—The disconformable contact (A-B) of the Onondaga and the Cobleskill 
limestones at one of the Akron, N.Y., cement mines. From a photograph. 


Ontario which was intermediate in character between the ordinary 
Oriskany and Onondaga faunas. A new formation name—Decews 
ville formation*?—was proposed for the beds holding this fauna. 
Dr. C. R. Stauffer? has recently shown that the “ Decewsville”’ 
fauna of mingled Onondaga and Oriskany affinities has had its 
origin in the mixing of fossils from adjacent formations. The 
relationship of Oriskany and Onondaga formations he has found 

t Mich. Geol. and Biol. Surv. Pub. 2, Geol. Ser. (1910), pp. 42-48. 

? Ulrich and Schuchert, “ Paleozoic Seas and Barriers in Eastern North America,” 
Bulletin New York State Mus., No. 52 (1901), p. 653. 

3 Bull. Geol. Soc. Am., XXIII, 371-76. 
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to be essentially the same in Ontario as it is in New York. The 
basal beds of the Onondaga are more or less sandy and approach 
in appearance the Oriskany sandstone below but contain no 
Oriskany fossils. The Oriskany sandstone is highly irregular 
both in thickness and in distribution in Ontario as it is in central 
New York. It is frequently absent from the sections showing the 
Onondaga limestone. Where it is present it may thin from a 
thickness of 15 ft. or more to a few inches in a distance of a few 
rods. This probably results in large part from the Oriskany sand- 
tone filling troughs of erosion in the Salina formation. The ac- 
mpanying diagram (Fig. 5) shows the relations of the Onondaga 
imestone and subjacent Oriskany and Salina formations near 
ecewsville, Ontario. An excavation about 200 ft. northeast of 








300’ 


Fic. 5.—Section exposed in vicinity of Oneida Sand Company’s quarry, Decews- 


lle, Ont.: A, Salina beds; B, Oriskany sandstone; C, Onondaga limestone. 


the Oneida Sand Company’s quarry two miles northwest of 
Decewsville shows the following section: 


DECEWSVILLE SECTION 


Onondaga limestone. . Pag PR ee ee Pe Reet 2 ft. 
Oriskany sandstone. . CE Tee TT Pee To ee aiee 17 in. 
Limestone (Salina formation)... . iu dcdewe rs <back aeee 30 ft.+ 


[In the quarry less than 200 ft. from the above section the Oriskany 
sandstone has thickened to nearly 20 ft., as shown in the diagram. 
Where the Oriskany is absent the Onondaga-Salina contact is 
doubtless sometimes as irregular as the Oriskany-Salina contact 
shown in Fig. 5. But the limited number of good exposures 
and the absence of quarries where the Oriskany is wanting leave 
the character of the Onondaga-Salina contact to be inferred from 
the nature of the Oriskany-Salina disconformity. While the 


physical evidence of the disconformity at the base of the Oriskany 
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is more striking than that of the stratigraphic break at the base of 
the Onondaga limestone, evidence of the latter is not wanting. 
Stauffer’ states that good-sized pieces of the sandstone containing 
Oriskany fossils may be found imbedded in the lower part of the 
cherty limestone, while at other places not far distant the Onondaga 
rests directly on the Silurian, with only here and there remnants 
of the Oriskany lying between. 

Ohio.—The fauna of the Columbus limestone, which has been 
listed by Stauffer,? affords satisfactory evidence that this lime- 
stone is the Ohio representative of the Onondaga limestone. The 
fauna, lithology, and stratigraphic relations of the Columbus 
limestone together furnish unmistakable evidence of its identity 
with the Onondaga limestone. The disconformity at the base oi 
the Columbus limestone has been described by Dr. Stauffer as 


follows: 


The Middle Devonian of Ohio naturally falls into three divisions, of which 
the lowermost is known as the Delaware limestone and the upper as th 
Olentangy shale. This division is based on both lithological and faunal 
differences which in some respects are more apparent in the vicinity of Colum- 
bus, although not wanting in any of the belts of outcrop. 

The base of the Columbus limestone rests upon the Monroe formation; 
this contact being that between the two great systems, the Silurian and the 
Devonian. There is thus a great time gap or unconformity, between thes« 
two formations, which is strikingly illustrated by the decided change in charac 
ter and abundance of animal remains. In some localities the lowest layers 
of the Columbus contain an abundant fauna which in many respects resembles 
that of the upper part of the same formation, but where these lower layers 
have been observed in Franklin, Delaware, and Union counties, a basal con 
glomerate is found which consists of large and small water-worn pebbles of 
the underlying formation imbedded in a matrix of Columbus limestone. 
Where this conglomerate is developed few fossils are found; probably because 
the organic remains, which existed in these localities at the time the layers 
in question were being deposited, were ground to a shapeless mud by the 
continuous action of the waves among the pebbles of a rocky coast. This 
conglomerate was formerly supposed to represent the Oriskany sandstone of 
New York, and was so mapped by the geologists who made the first county 
reports, as well as by Newberry himself; but, since this basal conglomerate 


t Bull. Geol. Soc. Am., XXIII (1912), 373. 
2C. R. Stauffer, “The Middle Devonian of Ohio,” Bull. Ohio Geol. Survey, No. 10. 
(1909 pp. 100-70 
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is not continuous and has not been proven to be Oriskany, it has been customary 
of later years, and perhaps wisely, to drop the Oriskany sandstone from the 
Ohio scale and include these deposits with the Columbus limestone to which 
they are at least very closely related. 

It will be noted in the description of this disconformity in 
Ohio that it is characterized locally, as in central New York, by 
a conglomerate. This is particularly well developed in the central 
Ohio region near Columbus, where according to Dr. Stauffer’ 
decided evidence of the erosion period which intervened is found 
in the well-developed basal conglomerate of the overlying Columbus 
limestone. 

INDIANA 

Ohio valley —The Columbus limestone of central Ohio and the 
Onondaga of New York are represented in southern Indiana by a 
limestone which bears the closest resemblance to them faunally. 
This formation has been named in Indiana the Jeffersonville lime- 
stone. It is the lowest formation of the Devonian as developed 
at the Falls of the Ohio. This formation has been shown to hold 
the same fauna and to be the equivalent in the Ohio valley of the 
Onondaga limestone of New York.? It lies between the Sellers- 
burg limestone and the Louisville limestone of Silurian (Niagaran) 
age. This formation has perhaps its most typical development 
at the Falls of the Ohio just below the city of Jeffersonville, where 
it has a thickness of about 20 ft. It is a light- or bluish-gray 
crystalline or subcrystalline limestone, occurring both as a massive 
and as a thinly stratified limestone. 

Che fossil coral reef for which the Falls of the Ohio have long 
been noted occurs in the lower part of this formation. The im- 
portant réle played by corals in the formation of this limestone 
is indicated by the great size attained by some individuals. One 
Favosite (F. hemis phericus ?) which was measured has a breadth of 
5 ft. and a height of slightly more than 2 ft. Spirifer acuminatus 

“The Devonian Section of Ten Mile Creek, Lucas County,” Ohio Nat., VIII 

E. M. Kindle. The Devonian and Lower Carboniferous Faunas of Southern 
Indiana and Central Kentucky, Bull. Amer. Pal., No. 12 (1899); The Devonian 
Fossils and Stratigraphy of Indiana; Jud. Dept. Geol. Nat. Res., 25th Ann. Rept, pp. 


763, 31 pls., 1901. 
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and Spirifer gregarius are abundant and characteristic fossils of the 
upper portion of the formation. The lower part of the Jefferson- 
ville limestone, and the Louisville limestone are well exposed in 
the Bear Grass Creek quarries just east of Louisville, Ky. The 
section exposed at the west quarry shows: 


LOUISVILLE SECTION Ft. 
. White to light-gray limestone (Jeffersonville limestone). 10 
. Light bluish-gray argillaceous limestone (Louisville limestone). eee 35 


Although all of the sediments and faunas which, in eastern New 
York, represent the Helderberg group and Oriskany sandstone 
are missing between the Jeffersonville and the Louisville limestones, 
evidence of angular unconformity has not been observed in the 
River sections. Such evidence has been secured a little farther 
north, however. 

North of the Falls of the Ohio ro or 15 miles, sections which 
include the Lower Devonian and Niagaran rocks begin to show a 
thin bed of rather soft, dark-buff to brownish fine-grained mag- 
nesian limestone—the Geneva limestone. This formation lies 
between the Jeffersonville limestone and the Louisville limestone. 
It thickens gradually toward the north and reaches its maximum 
development along Flat Rock Creek. The Geneva limestone is 
generally a massive light-buff to chocolate-brown saccharoidal 
magnesian limestone. It varies in lithological characters, however. 
Along Wyloosing Creek, in Jennings County, it is in part a very 
hard siliceous limestone and was used at one time for mill stones. 
The fauna of the Geneva limestone indicates that it is of either 
Schoharie or Onondaga age;' probably the former. At the base 
of the Geneva unmistakable physical evidence of the hiatus between 
the Geneva and the Louisville limestones has been obtained. An 
outcrop on the east side of Flat Rock Creek at the ford about 1} 
miles above Geneva shows this disconformity. The section exposed 


at this point is: 


FLAT ROCK CREEK SECTION Ft 
1. Brownish dolomitic saccharoidal limestone (Geneva limestone)..... 3 
2. Hard light-gray limestone (Louisville). . ; 5 6 
3. Blue fossiliferous clay with irregular masses of limestone (W aldron 
shale). ° CSR CERERHEHREROOEED COR CDE CRO OKO CHE Sees 5 
4. Hard gray limestone adr tb rns kf ao a a en int Steel la 15 


tE. M. Kindle. Ind. Dept. Geol. Nat. Res., 25th Ann. Rept., pp. 535-58, 1901. 
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The character of the disconformity between 1 and 2 is shown in 
the accompanying photograph (Fig. 6). The bed on which the 
hammer rests is No. 2 of the above section. This disconformity 


is also seen in the William Avery quarry on the east side of Conn’s 





Fic. 6.—The disconformity between the Devonian and Silurian limestones on 
Flatrock Creek, Shelby Co., Ind. The hammer rests upon the top of the Silurian 


mestone, 
Creek about 1 mile below Waldron, where it is marked by a band 
of residuary clay in the following section: 


CONN’S CREEK SECTION 


Ft. In. 

1. Brownish-buff sandy-looking limestone....................000005 2 6 
2 Beane eewke’ I 
Blue limestone in 3- to 6-in. layers. a eres 5 6 


Between the area in the Ohio valley in which outcrops of the 
Devonian limestone are abundant, and the Wabash valley, where 
they are also common in a limited district, an extensive drift- 
covered plain intervenes in which but two or three outcrops of 


Devonian rocks are known. 
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Wabash valley.—The Devonian limestones of the Wabash area 
are differentiated both faunally and lithologically into two divisions, 
as in the southern part of the southern Indiana area. These two 
divisions are correlated respectively with the Sellersburg limestone 
and the Jeffersonville limestone. The Sellersburg formation of the 
Wabash area contains a Hamilton fauna. It varies from a bluish- 
drab limestone breaking with subconchoidal fracture to a dark 





















































Fic. 7.—Irregular contact line between the Devonian limestone (B) and tl 
Silurian limestone (A) on the bank of the Wabash River, Georgetown, Ind. 


argillaceous limestone. Spirifer pennatus is the most abundant 


and generally distributed species. 

The formation corresponding to the Jeffersonville limeston: 
at the Falls of the Ohio is a gray crystalline, thin to heavy bedded 
limestone. This limestone carries a fauna similar to that of the 
same formation in southern Indiana, and has as one of its most 
characteristic species Spirifer acuminatus. This limestone is 
unconformable with the Silurian limestone on which it rests 
In the other areas in which the stratigraphic break at the bass 
of the Onondaga and its western equivalents has been discussed 
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there is no discordance in the dip of the strata on the two sides of 
it, but in the Wabash valley discordance between the Silurian and 
Devonian limestones is distinctly marked at many outcrops. In 
this area the term clino-unconformity recently proposed by Pro- 
fessor Crosby’ is applicable. The Silurian rocks at many points are 
highly tilted, while the Devonian beds lie nearly horizontal, thus 





Fic. 8.—Showing discordance in dip of the Devonian and Silurian limestones at 
Pipe Creek Falls in northern Indiana. 


iffording unequivocal evidence of unconformity. Away from the 
immediate vicinity of the small local domes in the Niagara strata, 
however, the discordance between the Devonian and Silurian 
limestones, though slight, can easily be detected with careful obser- 
vation. Sometimes, however, the discordance is not noticeable. 

Just below Georgetown both the Silurian and the Devonian 
are exposed on each side of the Wabash River. From 5 to 8 ft. of 
gray crystalline Jeffersonville limestone rests on irregularly eroded 
Silurian limestone. The line of contact between the two is an 


* Jour. Geol., XX (1912) 296. 
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uneven one, frequently rising or sagging on the north side of the 
river, as shown by the sketch (Fig. 7), but without indicating 
discordance of dip. On the opposite side of the river the Niagara 
dips from 6 to 18 degrees to the east, while the Devonian limestone 
lies horizontal above it, thus indicating deformation as well as 
erosion previous to the Jeffersonville submergence and showing the 
relationship of clino-unconformity. The photograph (Fig. 8) 
indicates this discordance in the dip of the two formations. The 
Jeffersonville limestone with Spirifer acuminatus as its most 
abundant fossil is the only division of the Devonian here. 

The Oriskany sandstone is absent from the Indiana sections. 
A sandstone known as the Pendleton sandstone resembles it in 
physical characters, and forms the base of the Devonian section 
at Pendleton, where it has a thickness of about 7 ft. The fauna 
of this sandstone, which is wholly unlike the Oriskany, has led 
to its correlation with the Schoharie grit of New York. 


TIME INTERVAL REPRESENTED 


The time interval represented by the hiatus at the base of the 
Onondaga and its western equivalents varies widely in different 
parts of the area which has been discussed. In the Wabash 
valley it marks the break between the Silurian and Devonian 
systems, while in parts of Ontario and New York a far briefer 


period within the limits of the Devonian system alone is represented. 
In the western area the time interval may be stated in terms of 
missing formations. These include the Salina, at the summit of 
the Silurian, and at the base of the Devonian the Helderberg 
limestone and the Oriskany sandstone. In New York and Ontario 
the relationship of the Onondaga and subjacent beds is of the 
character designated as a disconformity by Dr. Grabau, the beds 


showing no discordance of dip on the two sides of the unconformity. 
In northern Indiana, however, there is in some sections distinct 
though moderate discordance between the unconformable beds 
or clino-unconformity. 

The place of the longest time interval represented by the strati- 
graphic break at the base of the Onondaga and its western equiva- 
lents as measured by missing formations coincides with the area 








the 
ing 
ara 
one 

he 
5) 


1 
he 

















UNCONFORMITY AT BASE OF ONONDAGA LIMESTONE 319 


in which discordance of dip exists between the unconformable beds. 
This is limited to the Cincinnati geanticlinal region of northern 
Indiana. From this area in the Wabash valley of the maximum 
length of the stratigraphic break at the base of the Jeffersonville 
limestone, it decreases more or less regularly eastward by the 
appearance between the Silurian limestone of Guelph age and the 
Devonian limestone of Onondaga age of the successively younger 
formations known respectively as the Salina formation, the Coble- 
skill limestone, the Roundout limestone, the Manlius limestone, 
and the Oriskany sandstone. With the exception of the last- 
named formation the western border of each of these lies well to 
the eastward of the preceding, thus suggesting a shore line retreat- 
ing eastward during late Silurian and early Devonian time. The 
distinctive feature of the Oriskany in the New York—Ontario region 
is its discontinuous character. The western extension to Ontario 


of Oriskany sediments in irregular patches representing erosion 
remnants indicates that the easterly retreat of the shore line was 
reversed about the close of Helderberg time and a submergence of 
the land occurred in Oriskany time which carried its sediments 
westward as far as Ontario. Apparently the easterly retreat of 
the shore line which was reversed with the beginning of Oriskany 
sedimentation never passed to the eastward of the Hudson River 
valley in southeastern New York, for no evidence has been found 
in that region of a stratigraphic break at the base of either the 
Onondaga or the Oriskany. The disconformity which marks the 
base of the Onondaga is closely related in space and time with 
that below the Oriskany. 

The erosion of the Oriskany has given it a discontinuous dis- 
tribution over an area extending from the Hudson River to the 
middle of southern Ontario. This has resulted in merging the 
post-Oriskany and pre-Oriskany disconformities into a single 
disconformity horizon separating the Onondaga and Silurian 
strata where the Oriskany has been removed. 






































SECTIONS OF TWO MICHIGAN SALT WELLS’ 


WILLIAM H. FRY 
Bureau of Soils, Washington, D.C. 

In connection with recent investigations of American salines 
by this bureau samples from two wells of the Manistee region of 
Michigan were obtained through the courtesy of Mr. George Abair, 
of the Peters Salt Co., East Lake, Mich. 

All of the samples examined in the preparation of the sections 
were obtained by drilling, and consequently many of them were 


SECTION OF WELL AT LUDINGTON, MICH. STEARNS SALT & 
LUMBER CO. 





No Depth in Feet 
19 517- 520 Calcareous sandstone 
: $20- 533 Calcareous and shaly sandstone 
I 5$33- $73 Calcareous shale 
23-24 573- 603 Calcareous and sandy shale 
5 103— 608 Calcareous shale 
26 108— 609 Sandy calcareous shale 
27 foo- 615 Buff calcareous and sandy shale 
28-39 615s— 838 Calcareous shale 
40-60 8 38-1,211 Sandy calcareous shale 
61-69 1,211-1,390 Calcareous shale 
70-73 1,390-1,463 Limestone (impure) 
74-90 1,463-1,801 Fairly pure limestone 
QI-07 1,801-1,935 Dolomitic limestone 
98-102 1,.035-2,021 Calcareous mudstone 
103-115 2,021-2,281 Limestone 
116 2,281-—2,290 Halite 


in a rather finely pulverized condition. In a number of cases, 
however, fragments large enough for macroscopic examination 
were present. In such, the specimens were determined primarily 
by macroscopic methods. In the cases where all of a particular 
sample was very finely pulverized, the material was mounted in 
various oils of definite refractive indices and the mineral con 
stituents determined by the ordinary petrographic methods. 
* Published by permission of the Secretary of Agriculture. 
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The macroscopic examinations were also checked by this micro- 

scopic study. In addition, each sample was subjected to the 

action of both dilute and concentrated hydrochloric acid, and the 

character of the effervescence confirmed or modified the previous 

SECTION OF WELL s500 FEET FROM EAST LAKE STATION, OF THE 
PLANT OF THE R. G. PETERS SALT CO. 








No. Depth in Feet 
, 593 Blue calcareous shale i 
507 Calcareous shale 

2 800 Calcareous shale 

‘ 978 Limestone 
1,325 Limestone 
1,400 Limestone | 
1,425 Limestone i 
1,450 Limestone 
1,475 Limestone 
1,487 Calcareous shale 
1,500 Limestone 

2 1,505 Limestone 
1,605 Limestone 
1,638 Limestone containing sponge spicules 
1,645 Calcareous shale containing sponge spicules 
1,650 Calcareous shale containing sponge spicules 
1,652 Calcareous shale containing sponge spicules 
1,656 Calcareous shale i 
1,658 Calcareous shale 
1,661 Limestone 
1,680 Limestone 
1,690 Limestone (rather impure) 
1,700 Limestone (very sandy) 
1,762 Limestone (very sandy) 
1,780 Limestone (very sandy) 
1,800 Calcareous sandstone 
1,810 Calcareous sandstone 
1,820 Limestone 
1,830 Limestone | 
1,850 Limestone 
1,862 Limestone 
1,870 Limestone 
1,880 Limestone 

{ 1,895 Limestone 
1,920 Limestone 
1,930 Silicious and ferruginous limestone 
1,940 Silicious and ferruginous limestone 
1,964 Shaly limestone 


examinations. Difficulty was encountered in determining whether 
some particular samples, especially the finely pulverized samples, 
should be referred to the limestone or to the shale group. For 
example, it was found impossible to say absolutely whether a 
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particular mount was a calcareous shale or a shaly limestone. 
But predominance of one or the other of the materials was con- 
sidered sufficient to place a sample, the less abundant material 


being considered as an impurity and being indicated by an appro- 


priate adjective. Before coming into the writer’s hands, the 
samples had been subjected to a mechanical analysis and all 
particles less than 0.005 mm. diameter discarded. The amounts 
of these very small particles, however, were not large enough to 
vitiate the accuracy of the determinations. 

The sections are given in the accompanying tables. 
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CHARLES S. PROSSER 


INTRODUCTION 


Two articles in a recent number of the American Journal of 
Science devoted largely to a consideration of the Ohio shale in 
northern Ohio‘ appear to make it important that a detailed descrip- 
tion of the Huron shale as exposed at its typical locality on the 
Huron River in northern Ohio be published. This is termed the 
typical locality because Dr. Newberry stated that “this [Huron] is 
the shale which forms the banks of the Huron river at Monroeville 
and below. . . . . The Huron shale in some places contains many 
concretions of impure limestone, of which hundreds may be seen at 
Monroeville, where they have washed out of the river banks.” 
Later he wrote: “I have called this in Ohio the Huron shale, 
because it forms for a long distance the banks of the Huron River, 
and as it represents several distinct strata in New York and 
Pennsylvania, it could not with propriety take the name of either 
of them.’ Dr. Newberry first published the name Huron shale in 
1870 and stated that “its outcrop forms a belt from ten to twenty 
miles in width, reaching from the Lake shore at the mouth of the 
Huron River, almost directly south to the mouth of the Scioto. 

The area under discussion is shown on the sketch map of Fig. 1 
on which the location of the several sections is indicated by an x. 


SECTIONS AND DESCRIPTIONS OF HURON SHALE 
BASAL DEPOSITS 

Slate Cut section —The banks of the Huron River from Milan 
down to its mouth at Huron are composed of glacial and alluvia! 
deposits and the base of the shale is not shown on the river. It is 
exposed, however, in Slate Cut on the Lake Shore & Michigan 
Southern Ry. about 4 miles northwest of the Huron River and a 

*E. O. Ulrich, “The Chattanoogan Series with Special Reference to the Ohio 
Shale Problem,” American Journal of Science, 4th ser., XXXIV (August, 1912), 157 
83. Edward M. Kindle, “The Stratigraphic Relations of the Devonian Shales oi 
Northern Ohio,” ibid., pp. 187-213. 

? Geological Survey of Ohio, II (1874), 189. 

3 Monograph U.S. Geological Survey, XVI (1889), 57, 58. 


4“ Report of Progress in 1869 (1870),” Geological Survey of Ohio, p. 18, or (1871 
ed.) 19. 





UBIS-X 34} Aq PI}LOIPUT SI SUOTIDIS Bq} JO UOIJBOO] BY} YOIYM uO JOANY UoINF 9y} 0} puvjaas[D wor deur yoyyS—I “oly 








7 f 


\ 
SITIUG=YIUIT ’ YOIS 





weysurumidD ener 
j 


eZ 


SUOINFS 


> ¢ 
eine], — 

















peauaraaen ) | 














320 CHARLES S. PROSSER 


little east of stop 8 on the Lake Shore Electric Ry. The section on 


the northern bank of the cut is as follows: 


SECTION OF SLATE CUT = Tucxness 7, OT! 
Ft In Ft 
Huron shale: Black, bituminous, hard, slaty 
shale. At one part of the cut is a bluish-gray 
lens from 2} in. to 3 in. thick and in the blackish 
shale just above are Lingulas. Toward the 
eastern end and some 5 ft. above the base is a 
spherical concretion. On this bank 8 ft. 3 in.+ 
are shown and on the southern g ft. 6 in. of 
shale which does not reach the subjacent 
limestone 
Prout limestone:' The upper 1} in. contains a 
large percentage of marcasite, and the entire 
layer as weathered is greatly ironstained. 
Rather shaly layer containing crinoid segments 
and some other fossils 
Massive layer of rather dark gray, dense, and 
very hard limestone. Contains cup corals, 
crinoid segments, and some other fossils. The 
calcareous material of the corals has been 
largely replaced by silica. Dip of top of this 
layer between 13° and 2°, 20° S. of E. Bottom 
of cut I 10} I Ke 


This section is shown in Fig. 2 and it has been _ briefly describe 
by Dr. Stauffer who stated that “the Prout member of the 
Olentangy is nicely exposed with the overlying Huron shale.’ 

Shore of Lake Erie.—On the shore of Lake Erie about north oi 
the house of Dr. J. P. Esch and stop 15 of the Lake Shore Electri 


rhis name was proposed for the limestone between the superjacent black Hur 
shale and the subjacent gray Olentangy shale by the writer in October, 1903, and t 
name published in December of that year (Ohio Naturalist, IV, 47). The typi: 
locality is Deep Cut on the Baltimore & Ohio R.R., 6 miles south of Sandusky a1 
about one mile north of Prout, in which 5 ft. of limestone are now shown (see Geolog 
Survey of Ohio, 4th ser., Bulletin 10, pp. 119, 120), although in Dr. Newberry’s secti 
which was probably made when the cut was new, it is given as ro ft. (see ibid 
1874), 190, No. 2 of section This limestone is known only in the northern part 
the state and it is probably well to consider it as a lentil or member of the Olentan; 
formation as has been done by Dr. Stauffer (ibid., Bulletin 10, pp. 117, 119, 120 a1 
Pl. IX 
* [bid., p. 122. 
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vn Ry., from 4 to 6 in. of black shale are shown. Some of it is more 
or less mottled with gray lines and splotches and under water is 
apparently a light-gray layer. The shale must form the bottom of 
the lake for some distance out from the shore, and numerous 
spherical concretions partly covered by water occur. These con- 
cretions extend along the lake shore for about one-half mile and are 
about midway between Huron and Rye Beach. This is the 





Fic. 2.—Slate Cut showing the upper part of Prout limestone and lower Huron 
les. Mr. Roderick stands on top of Prout limestone. 





locality where Dr. Kindle, on the authority of Professor E. B. 

Branson, reports Dinichthys herzeri Newb." and which Branson gave 
from 50 to 60 ft. above the base of the Huron.? 
SECTIONS ON THE HURON RIVER 

Milan section.—The most northern outcrop of Huron shale, as 

well as the lowest stratigraphically, on the Huron River is on its 

western bank a short distance south of the river bridge at Milan 


t American Journal Science, 4th ser., XXXIV, 211. 





? University of Missouri Bulletin, Science ser., Il, No. 2 (October, 1911), p. 25. 
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and 7? miles south of Slate Cut. The entire length of the bank was 
studied and the following section prepared after such examination. 
Toward its upper end, the rocks dip steeply upstream so that the 
lower part of this section is covered. The lower and middle 
portions show the lower part of the section. All except the lowest 
part of the following section was measured near the middle of the 
bend and the lowest portion farther north. 
SECTION ABOVE MILAN RIVER BRIDGE 


THICKNESS 


No 
Ft. In 
3. Black, bituminous, fissile shale which is slaty 


before it weathers 


Blue shale, 1 to 2 in 
Black shale. 
Blue shale 
. Black shale ae ee 
. Blue, argillaceous shale containing disk- 


shaped concretions. near ree 

. Black, bituminous, fissile shale as weathered 
which is hard and slaty when freshly exposed. 
Contains large numbers of spherical, calcareous 
concretions, an occasional somewhat disk- 
shaped one, and small marcasite concretions. 
The spherical concretions range in size from 6 
in. to 3 ft. 6 in. vertical measurement and from 
9 in. to 4 ft. horizontal. They show beauti- 
fully the arching of the shale above the concre- 
tion and its depression below, indicating their 
aggregation after the formation of the shale. 
Stems of probably Pseudobornia inornata 
(Dawson) White were found at 3 ft. 1 in. and 4 
ft. 3 in. below the top of this zone, which is 
believed to be the one in which Dr. Kindle 
found the long fragment of a trunk of the above 
species.t Zone varies in thickness from 7 ft. 3 
in. to 8 ft. 6 in. eo 
Blue to olive, gritty shale, 
Black shale 

. Blue shale, 2} to 3 in..... 

. Black shale 

. Blue shale, ? to 2} in 
Black shale to river level. 


>i 


* American Journal Science, 4th ser., XXXIV, p. 





HURON AND CLEVELAND SHALES OF NORTHERN OHIO 329 


At the lower end of the cliff only the black shale of zone No. 7 is 
shown where it is 8 ft. 2 in. thick. For some distance farther up 
the river the rocks rise so that the zones beneath this concretionary 
black shale are shown; but after passing the bend they dip down 
again so that at the southern end of the cliff only the upper black 
shale is shown. A section at this locality is given by Dr. Kindle in 
which the g-ft. zone of “fissile black shaie with numerous large 
spherical concretions’’** obviously corresponds to zone No. 7 of the 
above section. 

UcGue section.— 

SECTION ON THE JAMES McGuE FARM 


Tora 
THICKNESS 


Ft In. Ft. In 


THICKNESS 


Bowlder clay and other drift............... 
Blue shale; but entire thickness of zone not 
ee cs a 4 10+ 
Black shale from 3} to ? of an in. thick aa s+ 
Blue shale 
Black shale 
Blue shale 
Black shale 
Blue shale 
7. Black shale wats 
). Blue shale; toward the lower end of the bank 
two somewhat irregular-shaped concretions 


occur 


. Blue shale 

. Black, hard, bituminous, fissile shale which is 
rather massive and slaty before weathering. 
Near the top are numerous spherical concre- 
tions which were seen only in the upper part of 
the zone. It also contains marcasite con- 
cretions. Two ft. 4 in. are shown where the 
above section was measured and 3 ft. 5 in. at 
upper end of cliff, but not reaching the base of 


SING. ob nakavawes 


* Ibid., p. 201. 
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Zone No. 1 of the above section is believed to be the continuation 
of the black shale at the top of the Milan section (zone No. 13 of 
that section), but somewhat higher stratigraphically and showing 
the horizon with spherical concretions which is probably strati- 
graphically higher than the exposed black shale at the top of the 
Milan section. Above this zone of rather thick black shale occur 
alternating zones of blue and black shale which have a considerable 
total thickness. The next three sections measured in ascending the 
river, one on the Will Hipteley farm on the eastern side and two on 
the western side on the Fred Heckelman and Mrs. Helen Andrews 
farms, do not add very much to the general section of the Huron 
River; consequently they will be omitted in this article. They are 
important, however, in tracing the zones shown in the McGue 
section up the river to the section at Enterprise which will now 
be described. 

Enter prise section.—A steep cliff forms the western bank of the 
Huron River' at the former hamlet of Enterprise below the P. J. 
Schaffer bridge. The bank is difficult to climb but the following 
section was measured just below the William H. Newton house by 
Mr. Tom G. Roderick: 


SECTION OF WESTERN BANK OF HURON RIVER AT ENTERPRISI 


Total 
THICKNES 


Ft In Ft Ir 


No ['HICKNESS 


Black, hard, bituminous, fissile shale which 


te 


projects beyond the lower shales as exposed to 

the north of the middle of this bank. Thick- 

ness estimated as from 5 to 6 ft. — s+... 60+ 
20. Mainly blue, argillaceous shale; but with some 

layers of black shale from 1 to 3 in. thick. On 

the high bank on the opposite side of the river, 

above the Schaffer bridge, disk-shaped con- 

cretions occur at about the top of this zone. 32 6 
19. Black shale = ; ; 3 } 


vt 
+ 


wn ¢ 
is) 


* One and three-fourths miles above the Milan River bridge are the forks of t 
Huron River, which are named West Fork and East Fork on the Sandusky quadrang 
of the topographic map. The West Fork is the larger, and in accordance with tl 
usage of Dr. Newberry and at least many of the inhabitants of that region the writer 
considers the West Fork the continuation of the Huron River and so uses it in tl 
article. 
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THICKNESS ee 
Ft Ins. Ft. Ins 
| A Perea ei nes sew eoe ce eT. 113 18 II 
Black shale....... nope piuwses , 10 17 113 
Blue shale 2 2 17 13 
Black shale : ; : 3% 614 113 
Blue shale........ Saco ; me 6 14 10 
Black shale I 14 4 
slue shale whe ce eee 4 14 3 
Black, hard, bituminous, slaty, fissile shale. . . . 2 3 13 II 
Blue shale containing irregular more or less 
lisk-shaped concretions i S I oF II 8 
Black shale 7 10 8 
Blue shale 7 IO I 
Black shale 4 9 6 
Blue shale ; Minis 33 9 2 
Black, bituminous, hard, slaty, fissile shale 
ontaining some large spherical concretions. 
[here are two small ones at almost the top of 
his zone pinglutakbaiesesebatireaeeeeee = a 103 8 103 
Blue, rather argillaceous shale ie rina Siwnex wit 8 I 
Black shale sede ah ; , cocribieataakae stele Sin 2 a 4 
Blue shale a little farther upstream than the 
concretions. .... esi. Bie a+ (tw. 2 


River level with rather irregular concretions in 
blue shale 


In the above section the black shale containing spherical con- 


retions of zone No. 5 is believed to be the continuation of the 
ower black shale containing similar concretions as exposed on 


western bank of the Huron River on the Andrews, Heckelman, 
d McGue farms, and then with the upper black shale of the Milan 
ction. Above this black-shale zone are alternating strata of blue 


ind black shale before reaching a blue-shale zone a foot or more in 


ickness containing irregular or disk-shaped concretions above 
hich is a conspicuous black-shale zone. This black-shale stratum 
> ft. 3 in. thick in the Enterprise section, 2 ft. 3 in. in the Andrews, 
it. 13 in. in the Heckelman, and 2 ft. in the McGue section. The 
ction by Dr. Kindle ‘“‘near the bridge 3 miles southwest of Milan’” 


pparently is at or near the locality where the above section 


was measured. 


Op. cit., p. 201. 
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Farther up the river near the township line of Oxford Township 
on the Joe Schlacter farm is another cliff on the western bank of 
the Huron River showing practically a section of the same portion 
of the Huron shale as the one just described at Enterprise. Very 
near the base of the section is an 8-ft. zone of black fissile shale 
containing spherical concretions, which apparently corresponds to 
zone No. 5 of the Enterprise section, which is 7 ft. 10} in. thick. 
Above this black shale in the Schlacter cliff are alternating strata 
of blue and black shales with a total thickness of 44 ft., when a 
zone of black shale capping the cliff is reached, 8 ft. or more of 
which are shown. The corresponding interval between the two 
conspicuous zones of black shale in the Enterprise section has a 
thickness of 43 ft. 10} in. 

Seymour Creek section.—The zone of black shale, the lower part 
of which caps the cliff at Schlacter’s and Enterprise, is better shown 
on Seymour Creek just north of the schoolhouse of Subdistrict 
No. 6 of Ridgefield Township. 


SECTION OF SEYMOUR CREEK NEAR SCHOOLHOUSE No. 6 


Tarcx- POTA! 

ness P HICK- 
No — NES 
Ft Ft 


2. Black, bituminous, fissile, hard slaty shale. A _ large 
globular or spherical concretion is imbedded in this shale, 
the base of which is about 14 ft. above the base of this zone. 
The top of this zone is not shown, but 243 ft. of the black 
shale were measured on the bank... ..............000. 243+ 523 

1. Blue shale alternating with thin bands of black shale. In 
the upper part of the blue shale are numerous large concre- 
tions which are lenticular or disk-shaped. There are from 
8 to 10 in the vicinity of the bend in the creek and one in the 
stream is 5 ft. 8in. by 5 ft.6 in. A twin one on the bank 
is rr ft. long by 6 ft. wide. Five ft. of this zone are 
shown at this locality and from its top down to the bridge 
on the lower road there are shown about 28 ft. of the 
alternating blue and black shales according to a measure- 

UE Te IE B. Tie Tk «ba eed de cewedsisscnens 28 28 


This section is shown in Fig. 3, in which the man is indicating 
with the hammer the contact of the black shale (zone No. 2) which 
forms the upper part of the bank, and blue shale with thin bands of 
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black which forms the lower part. Two of the characteristic 
lenticular-shaped concretions of the soft blue shale are shown a 
little above water level. 

(he upper black shale, zone No. 2 of the above section, may 
be followed up the Huron River to Monroeville, where its top 
apparently is reached on the bank above the dam and the Main 
Street bridge; but the writer is not so certain of this identification 





Fic. 3.—Black and blue Huron shales on Seymour Creek, the contact indicated 
by hammer. Spherical concretion in lower part of black shale and lenticular concre- 


tions in blue soft shale near water level. 


as of that of most of the other zones of this general section. At this 
locality stems of Calamites (Pseudobornia | ?}) are not infrequent in 
the black shale of this zone below the Main Street bridge. 

Sections in Monroeville and vicinity.—There is a shale bank on 
the northern side of the Huron River between the dam and Stand 
Pipe and below the Lake Shore Electric Ry. bridge. The bank 
was measured near the house of Mr. Rivere Needham, where the 


following section was obtained: 
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MONROEVILLE SECTION NEAR House OF RIVERE NEEDHAM 


THIcK- t 
No NESS NI 
Ft. Ft 
9. Partly covered upper part of bank. Blue and _ black 
alternating shales 8+ 18 
8. Blue shale 2 10 
7. Black shale 3 03 
6. Dark-blue shale Fi 9 
5. Black shale ’ i 8} 
3. Dark-blue shale, 33+ in. thick i+ 7 
3. Black shale } 
2. Dark-blue shale } 
t. Black shale to water level. ...... 7 7} 


On the western side of the Huron River above the Lake Shore 
& Michigan Southern Ry. bridge in Monroeville is a 1to— ft 
bank composed mainly of black shale, but with a little blue shale. 
The upper part of the bank overlying the black shale shows zones 
of blue- to olive-colored shale, perhaps 6 in. thick, alternating with 
black shale. Toward the lower end of the bank are numerous 
rather irregular to lenticular-shaped concretions a little above river 
level and a little farther up stream similar concretions occur in its 
bed. This is apparently the continuation of the lower portion of 
the Needham section; although its stratigraphic position was not 
determined as accurately as might be desired. The base of the 
section is vertically probably not more than 8 ft. above the top of 
the rocks studied below the dam. 

One-fourth mile farther up the river and a little below the house 
of William Schug is a shale bank from 27 (hand-level) to 3 
(barometer) ft. high. 


SECTION ON HurON RIVER AT WILLIAM SCHUG’S 

—_ Tora! 

TaIck- Tuick 

N NESS 


NESS 
Ft Ft 
4. Black shale near top of bank which is considerably broken... 2+ 27 
3. Blue shales alternating with thin layers of black shale, the 
blue predominating. In the lower part of the blue shales 
are large lenticular concretions... .. . 19% 25 
2. Stratum of massive, black shale 12 53 


1. Black shale alternating with blue to river level, about 34 


ft. thick... ae ; ie, Sear . 342 33 
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The shales in the lower part of this bank are dipping upstream 
S. 20° W.) at the rate of between 2° and 4°, so that the nearly 10 
ft. of black shale shown on the lower bank above the Lake Shore & 
Michigan Southern Ry. bridge have been carried beneath water 
level at this locality. 

At the three corners, about 1 mile south of Monroeville, is.a 
road quarry where the following section was measured: 


SECTION AT THREE CORNERS SOUTH OF SCHUG’S 


THICK- —— 
NESS NESS 
Ft Ft. 
Continuous hard, slaty, black shale containing Protosalvinia 
Sporangites) Baten eter S teed tam : 103 16 
\lternating black and blue shales as shown below the quarry 53 53 


The barometer gave the base of the continuous black shale in 
the above section as 5 ft. lower than the top of the bank at Schug’s. 
1e dip varies from 13° to 2°, N. 60° E. The continuous black 
ale, zone No. 2, of this section apparently is the continuation of 
the broken black shale at the top of the bank in the section below 
hug’s house. 
Standardsburg sections.—The hamlet of Standardsburg is located 
, the Huron River 13 miles south of Monroeville. The black shale 
m the western bank of the river a few rods above the highway 
bridge contains two very large concretions and the following 
ection was measured just below the upper one on the land of Mr. 
William Cook: 


SECTION ON HurRON RIVER AT STANDARDSBURG 


THICKNESS a... 

Ft In Ft In. 
Black, hard slaty shale in which are the two 
very large spherical concretions. The base of 
the upper one is only 8 in. above the base of 
this zone. The vertical diameter of the upper 
one is about 6 ft. and one-half the distance 
around it is 17 ft. so that its circumference is 

about 34 ft. This concretion isshownin Fig.4 5 I 8 83 

t. Blue shale which is rather hard 63 3 74 

1o. Black shale 53 3 I 

». Blue shale aes 13 2 73 
8. Black shale in places split by }-inch layer of 

blue shale , ; 2} 2 6 
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SECTION ON HurRON RIVER AT STANDARDSBURG—Coniinued 


No THICKNESS = Tyhcentss 
Ft In. Ft Ir 
7. Blue shale 103 2 33 
6. Black shale 13 I : 
5. Blue shale 7 I 31 
4. Black shale 2} 73 
3. Blue shale 13 we 5 
2. Black shale I es 4 
1. Blue shale to river level 3 2 





Fic. 4.—Large, spherical concretion in Huron shale on bank of Huron River at 


Standardsburg. 


Zone No. 12 of the above section evidently corresponds to the 
lower half of zone No. 2 in the quarry at the three corners to the 
north of Standardsburg. The spherical concretions in the upper 
black shale at this locality are the largest that the writer has seen 
in northern Ohio. The black shales show very clearly that they 
have been moved from their original position by the formation of 
the concretions, so that the shales are arched above the concretions 
and correspondingly pushed down beneath them. 

A few rods above the section just described, Slate Run enters 
Huron River from the southwest and near its mouth the south- 
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eastern bank is steep and rather high. A section of this bank is 
as follows: 
SECTION OF SLATE RUN AT STANDARDSBURG 


Tatex- Tex. 
No NESS 
Ft Ft 
2. Apparently all hard, black, slaty shale 22 ft. or more thick. 
No concretions occur in this bank; but farther up the stream 
1ere it is crossed by the north-and-south road there is a 
large spherical concretion in place in the shale and several 
CUT SPOUTS CHO CHOGK DOVER. occ ccs cesiscecsccscsscses SO% 23 
1. Top of blue, slaty shale, which corresponds to zone No. 11 
the previous section, about 1 ft. above water level. Blue 
1ale with black shale below to creek level.......... I I 


In the bed of Huron River a short distance east of the mouth of 
Slate Run are large, somewhat lenticular concretions. On the 
northern bank of the river at this locality, which is opposite the 
house of Mr. Charles Burgel, from 15 to 18 ft. of hard, black shale 
are shown. 

SLATE RUN SECTIONS 

Sections near Pontiac.—On the Huron River to the south of 
Standardsburg and above the cliff just mentioned, the banks are 
mainly alluvial and drift. The shales are much better exposed 
along Slate Run, which is a southwestern tributary of Huron River, 
and this general section is continued up that run. 

The southern bank of Slate Run, at the north-and-south 
highway bridge and below the railroad at Pontiac, shows ro ft. of 
hard, slaty, black shale and below the bridge the bank is higher, 
apparently showing from 12 to 15 ft. of black shale. The 
barometer, with an interval of 37 minutes between the readings, 
gave the level of Slate Run at this bridge as 25 ft. higher than its 
mouth at Standardsburg. This apparently shows that this black 
shale is a continuation of the zone forming the greater part of the 
cliff at the mouth of the run and is probably stratigraphically 
higher. 

Again, where the highway running directly west from Pontiac 
crosses Slate Run, black shale forms the floor of the stream above 
the bridge, and below it there is a bank 12 ft. high composed 
entirely of black shale. The barometer with an interval of 33 
minutes between the readings, gave Slate Run as 15 ft. higher than 
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at the former bridge. This appears to indicate that this zone of 
hard, slaty, black shale on Slate Run has an approximate thickness 
of some 50 ft. 

Section on Peter Hay farm.—Farther south on the farm of Peter 
Hay on the western side of Slate Run in Sherman Township is a 
bank composed of alternating black and blue shales which evidently 
overlies the one of hard, black shale already described along the 
lower course of this run. The section begins at the northern end 
of the bank and continues on up stream as follows: 


SECTION OF SLATE RuN BANK ON FARM OF PETER Hay 


No THICKNESS me ; 
Ft. In Ft Ir 

12. Drift and alluvial material containing a con- 

siderable amount of worked-over black shale.. 8 rr 17 6— 
CE, es OIE si vaciteccsnsnacetes I 6 9 3 
10. Zone more or less disturbed but composed of 

blue and black shale..... naeaueudadereenl 2 53 7 113 
PN. «Aa kwascunsivadsewekiendweswes 8} 5 6} 
SO er ssnieg: Aca ha a ah ee al 8} 4 9? 
SE Aa ooo 2. came awaia cama ae 1} 4 r} 
ee sicakwevecerebasevbinoecsiwewns - 33 3 11} 
SS OR sot hvacohaececunkewewene I 4 3 8 
4. Blue shale containing very irregular concre- 

tions of large size. One of them, very irregu- 

larly shaped, is 9 ft. long and lies imbedded in 

the blue shale; another one is about 7 ft. long 1 3 2 4 
3. Black shale, 2} to 3 in. thick............... a 3 I I 
DE Awkankevantheneted nen nehnanaaue a 4 wo IO 
1. Black, hard shale at northern end in bed of 

POR... isaatedbheseks waredacnmwe nes - 6+ .. 6 


In the above section all the blue shale weathers into small 
pieces. The layers are more or less disturbed and it is difficult to 
estimate the dip accurately; but near the southern end it is about 
2° to the northeast. Farther up the stream the banks in general 
are low and alluvial and apparently no shales are exposed that are 
much higher stratigraphically than those on the Peter Hay farm. 

UPPER PART OF HURON RIVER 

As already stated, the banks of the Huron River above 
Standardsburg are generally alluvial and drift. The bed of the 
river, however, where the east-and-west road west of Macksburg 


crosses it, is apparently composed of black shale. Again, at the 
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next bridge to the south crossing the river in the southwestern part 
of Peru Township and about 1$ miles northeast of Havana, is a 
bank of slaty, black shale. This bank extends for a short distance 
on the northern side of the river both above and below the highway 
bridge and is 10 ft. or soin height. A few rods farther down stream 
where the river turns to the north is another bank of black, slaty 
shale on its western side, perhaps a little more than 10 ft. in height. 
Neither concretions nor layers of cone-in-cone were seen in these 
banks of black shale. All of the banks farther south on Huron 
River in Greenfield Township that were visited are composed of 
alluvial and drift deposits until a point southeast of Steuben is 
reached where outcrops of Berea sandstone and perhaps Bedford 
shale occur. Apparently the bank of black shale in the south- 
western corner of Peru Township is the last black shale exposed on 
Huron River and it probably belongs in the Huron. 


GENERAL SECTION ON SLATE RUN AND HURON RIVER 
A general section of the shales from the upper bank on Slate 
Run on the Peter Hay farm down this run and Huron River to the 
lowest outcrop on the river near Milan has been prepared. The 
section is as follows and the column on the right indicates the 
location of each zone: 


GENERAL SECTION ON SLATE RUN AND Huron RIVER 


Tora. Tuicx- 
THIcK- NESS OF Location and Description of Zone 
NESS ZONE 
°’ 10’ Black and blue shale of Slate Run on Peter Hay farm. 
10’ Black, hard slaty shale on Slate Run. Large spherical 


50’ concretions in lower part. 
60’ 25’+ Blue and black shales on Huron River at William Schug’s. 


85’ Black shale from Monroeville to Seymour Creek. Spherical 
25’ concretions in lower part. 

110’ Blue and black shale in Enterprise section. Irregular 
47’ lenticular to disk-shaped concretions in upper and lower part. 

157° Black shale near base of Enterprise section. Spherical 
8’ concretions. 

165" Blue and black shale near Milan. Irregular disk-shaped 
3’— concretions. 

168’ Black shale containing stems of Pseudobornia. Spherical 
8’ concretions. Lower black shale of section near Milan. 

176’ Blue and black shale to river level near Milan. Lowest 


shale outcrop on Huron River. 
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Dr. Kindle states: 


The lower part of the black shales above the Olentangy shale is everywher: 
characterized in Ohio by spherical concretions often of large size. Concretions 
of this type are entirely unknown in the Cleveland shale both in its typical are 
and outside of it. On the other hand, in the region where the Cleveland is 
typically developed the thin limy bands with cone-in-cone structure ar 
common. This type of rock has never been found associated with the spherica 
concretions. . . . . It is proposed, therefore, to limit the term Huron shale to 





Fic. 5.—Huron shale on East Fork of Huron River, below Jacobsburg. Uppe1 
part of cliff (15+ ft.), all black shale containing spherical concretion near its base 
with vertical diameter of 5 ft. Blue to bluish-black shale alternating with black 


from 3} in. below base of concretion for g ft. to river level. 


those beds of the Ohio shale exposed on the Huron River, at Rye Beach and 
elsewhere, in which the spherical concretions occur and the Cleveland shale to 
the higher beds in which they do not occur and in which the cone-in-cone 
structure does occur." 


In northern Ohio the writer has not seen any spherical concre- 
tions in the Cleveland shale or cone-in-cone layers in the Huron 
shale. In central Ohio, however, thin, limy, lenticular layers with 


‘ American Journal of Science, 4th ser., XXXIV (August, 1912), 198, 190. 






























HURON AND CLEVELAND SHALES OF NORTHERN OHIO 341 


cone-in-cone structure occur at least in the lower part of the Ohio 
shale, as for example in ‘‘the Narrows”’ and other glens north of 
Worthington. In the general section of Huron River and Slate 
Run large spherical concretions occur in the lower part of the 
highest thick zone of black shale as well as in all the lower zones of 
black shale with a thickness of 8 ft. or more. It appears certain, 
therefore, that all of the rocks composing this section belong in the 
Huron shale. This section perhaps does not include the highest 
black shale seen on the Huron River in the southwestern corner of 
Peru Township in which nothing was seen to show whether it 
belongs in the Cleveland or the Huron shale. This general section 
oes not extend to the base of the Huron shale, which is shown in 

Slate Cut on the Lake Shore & Michigan Southern Ry. some 7? 
miles north of the cliff just above Milan, where the lowest outcrops 
/f the Huron shale on Huron River are shown. The general section 
gives 178 ft. of the Huron shale on Slate Run and Huron River and 
the thickness of the mostly covered interval from the lowest 
outcrops of the section to the base of the formation in Slate Cut is 
not known. If to the 178 ft. of Huron shale in the general section 
the thickness of the interval to the base of the formation be added, 
it will certainly give a thickness of over 200 ft. for the Huron shale 
on the Huron River. Dr. Kindle estimated that “the Huron will 
have in the Huron section a thickness of probably too feet.’”* A 
thickness of over 200 ft. for the Huron shale is corroborated by the 
record of the Citizens’ Well, No. 1 at Norwalk, about 5 miles east 
of Monroeville. The well is located by the side of the Wabash 
R.R. just east of the Norwalk Gas Plant and its mouth is 40 ft. 
higher than the level of East Fork Huron River at the old water- 
works. The first 85 ft. of the well was in drift,? and the Prout 
limestone which directly underlies the Huron shale in this region 
was reached at a depth of 288 ft. according to the writer’s notes. 
From a study of the outcrops in the vicinity of Norwalk it appears 
that the black shale struck in this well at a depth of 85 ft. is strati- 

t [bid., p. 199. 
? Dr. Stauffer in his record of this well gives only 76 ft., composed of samples Nos. 
1-5, as drift (Geological Survey of Ohio, 4th ser., Bulletin 10 [1909], p. 117); but in the 


writer’s notes on an examination of the samples made on September 11, 1905 he gave 


samples Nos. 1-6 as drift. 
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graphically below the base of the Cleveland shale and consequently 
all of the 203 ft. of shale down to the Prout limestone belong in the 
Huron shale. 


SECTIONS AND DESCRIPTIONS OF CLEVELAND SHALE AND 
RELATED FORMATIONS 
FROM NORWALK TO BLACK RIVER 

Sections on Vaughn’s Creek south of Norwalk.—As already 
stated, Dr. Kindle has limited the term Cleveland shale to the 
higher beds of the Ohio shale in which the spherical concretions “do 
not occur and in which the cone-in-cone structure does occur.” 
So far as the writer’s observations have gone, this appears to be 
true of the deposits in northern Ohio and he saw no cone-in-cone 
lenses in the shales on Huron River and Slate Run. The highest 
outcrops of black shale, however, south and east of Norwalk 
contain lenses of impure limestone with cone-in-cone structure. 
The following section on the northern bank of Vaughn’s Creek 
about 1¢ miles south of the court house in Norwalk and a few rods 
above the Sandusky, Norwalk & Mansfield trolley bridge, was 
measured: 


SECTION ON VAUGHN’S CREEK SOUTH OF NORWALK 


No THICKNESS ——— 
Ft In. Ft. In. 
18. Black, hard, slaty shale. Farther up the creek 
20+ ft. of this shale are shown with a little 
ee era 25 9 
Si: BO I Gav vc ccncsadedatasseancci 4 15 9 
i, I wiv dskabecncheastcnnesadiiaed 6 15 5 
DE, Sn tsi nekbawdndeaeddanceenetawas i 8 14 II 
i EE Ai che eteeesaeneeeneniaes ann 2 2 14 3 
13. Blue shale, from 3 to 3} in. thick........... 3 12 I 
12. Layer of cone-in-cone, lens-shaped masses 
thinning out and reappearing again at the same 
horizon, from o to 2} in. thick.............. 2 II 10 
11. Black shale from 5} to 6 in. thick........... 53+ 11 8 
10. Gray shale, from 2 to 3 in. thick............ 23+ 11 2} 
i PC ciieintead ad eedhonnne nan aeins 3 II ° 
8. Gray shale with some thin layers of black from 
SE Gece eS ccustsncexssiascamce 866 5+ 10 9 


t American Journal of Science, 4th ser., XXXIV, 199. 
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No. Tusckuess a 

Ft. In. Ft. In. 

, Ns on cin vse cusanacsneseresaeatabe “6 9 9 4 
6. Blue, argillaceous shale, from 20} to 21 in. 

GES 60S kava dhs sckennw eccurae enacts I o- 8 7 
Se rrr rrr ee 8 6 10 
4; GR G6 dss heceweceeidescanece. Gy 4 6 2 
eee Te er ee 5 ° 5 10 
6, GN 5 cc cree Baten eencedesnsakuns i 2 , 10 
1. Black shale to creek level. ................. oo 8 ‘ca 8 


In the region south and east of Norwalk there is generally a zone 
of black shale, like No. 18 of the above section, of variable thickness 
at the top of the Ohio shale, succeeding which, in a few places, is a 
little of the Bedford shale, but more frequently the Berea sandstone. 
This irregular thickness of the upper black-shale zone of the Ohio 
and comparatively little if any of the Bedford formation are due to 
more extensive erosion before the deposition of the Berea sandstone 
than occurred in most of Ohio. At part of the localities studied 
near Norwalk not only is all of the Bedford wanting, but also the 
upper part of the Ohio or Cleveland shale, so that the Berea sand- 
stone rests on the Huron sh-le. The writer has described a similar 
disconformity between the Berea and Bedford formations in central 
Ohio' and in northern Ohio from Rocky River west of Cleveland 
eastward as far at least as the Grand River Valley,? except that the 
erosion was not so great as in the Norwalk region. There is an 
example of this disconformity in the immediate vicinity of the 
section described above. In the bed of Vaughn’s Creek and on its 
northern bank a few rods below the Sandusky, Norwalk & Mansfield 
trolley bridge is an outcrop of the Berea sandstone at a lower level 
than the base of the shale section above the bridge. Part of the 
sandstone is very much contorted with more or less concretionary 
structure, while some of it is in fairly regular layers. At places 
there is a bluish, gritty shale below the sandstone and at one point 
the shale is shown to a depth of 5 ft. and is bluish gray and rather 
sandy with thin layers of sandstone in it. It is not certain to which 
formation this shale belongs, although the evidence appears to the 

* Journal of Geology, XX (October—November, 1912), 585-604. 


2 Geological Survey of Ohio, 4th ser., Bulletin 15 (1912). 
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writer to favor its reference to the Berea. Again, a little above the 
highway and the trolley line, is a knoll a few rods south of the 
stream, composed of Berea sandstone which shows more or less 
concretionary structure and ripplemarks. The base of the lowest 
outcrops in this knoll is 8} ft. above creek level, while a few rods 
farther up stream on the opposite bank is the section described 
above in which the shale runs down into the creek, no sandstone 
being shown in this section of at least 25? ft. 

In the various sections studied in the vicinity of Norwalk the 
writer has regarded the upper zone of black shale of the Ohio, No. 
18 of the above section, as the western continuation of the Cleveland 
shale, or at least as representing part of it. It is perhaps a question 
at what horizon the line of division between the Cleveland and 
Huron shales is to be drawn; because if all the shale above the 
lowest layer of cone-in-cone (zone No. 12 in this section) is to be 
included in the Cleveland, then its lower part will contain some 
layers of gray to blue shale. If the base of the lowest layer of 
cone-in-cone in the above section be considered the base of the 
Cleveland, then it will extend 4 ft. 1 in. below the base of the upper 
thick zone of black shale. 

Farther up the stream, on its northern (eastern) bank and a 
few rods below the old Cole quarry, the following section was 
measured. The old quarry is below the highway passing th 
J. A. Miller house. 


SECTION ON VAUGHN’S CREEK BELOW THE COLE QUARRY 


No THICKNESS — 
Ft In Ft In 
11. Black, hard, slaty shale 18+ 24 5 
10. Blue shale 13 6 5 
9. Black shale I re) 6 33 
8. Black shale but much softer than most of it It 5 33 
7. Black shale ' 2 6 4 4} 
6. Blue shale , , , ; 33 I 103 
5. Lenticular layer of cone-in-cone varying in 
thickness from o to 3 in 2+ I 7 
4. Black shale 63 I 51 
3. Blue shale 23 103 
2. Black shale 3 8 


Blue shale to creek level 
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At the upper end of the above section the shales are dipping 
down stream; but farther down where the high bank of upper 
black shale occurs they are nearly horizontal. In the above 
section the base of the lowest cone-in-cone layer (zone No. 5) is 
; ft. below the base of the thick zone of black shale at the top as 
compared with the 4 ft. 1 in. in the lower section. This bank 

apparently the one that Read referred to as some 15 or 20 rods 
irectly north of the Cole quarry, the black shale “in position at 
the same level [as the quarry]; the strata horizontal and undis- 
turbed.’”* The old quarry was in the Berea sandstone and is 
ipparently another locality on this stream showing channel filling. 

Sections on Rattlesnake Creek near East Norwalk.—On Rattle- 
nake Creek near East Norwalk, about 3 miles northeast of the 
courthouse in Norwalk, is an excellent section. It is on the eastern 
bank of the stream a few rods above the Cleveland, Southwestern 
& Columbus Ry. bridge and the house of Mr. Peter Shoon (spelled 
Spohn on his mail box). There is a marked anticlinal fold and the 
following section was measured near the center of the curve in 
the bank: 


SECTION ON RATTLESNAKE CREEK NEAR EAST NORWALK 


Tmcexess 7 TOME, 
Ft In Ft In. 
2:  , Te Ss ssikcasocestcdretess, BES 54 5 
rr. Soft, olive to blue, argillaceous shale... . ; 2 2 37 5 
10. This is probably mostly blackish shale, but not 
so hard as the upper zone 7+ Oo 35 3 
9. Mainly soft argillaceous, blackish shale but at 
base hard, black shale. . OS ° 28 3 
8. Bluish-gray layer, 3 in. or less in thickness, 
with rather poor cone-in-cone structure. 
Higher on the bank is another cone-in-cone 
layer, but its position in one of the above zones 
was not determined 3—-—s«23 3 
+. Black shale, on the second east bank above 
this section and about 1} ft. above the sub- 
jacent zone of blue shale, is a more or less con- 
cretionary layer of cone-in-cone with a thick- 
ness varying from o to 3+ in........... _ ° 23 ° 


Geological Survey of Ohio, III (1878), 304. 
g 7 304 
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SECTION ON RATTLESNAKE CREEK NEAR East NORWALK—Continued 


No THICKNESS a. 

Ft. In. Ft. In 
6. Blue, soft, argillaceous shale containing small 
rusty concretions, and an irregular, lenti- 

cular one ey re ane Ae 3 17 ° 
5. Three thin, blue, concretionary, sandy layers 
separated by blue shale and weathering to a 

Ns <4 Ken atacmeKeeKmeans acens 5+ 14 9 

4. Olive shale. —_ apt aiden aee I 6 14 4 
3. Black or blackish shale containing a con- 
cretionary layer with fairly good cone-in-cone 
structure. It thins out here and there on the 
bank but after an interval reappears at the 
same stratigraphic horizon and varies in thick- 
ness fromotor}in. A thin band of blue shale, 
2% in. thick was also noted in this zone of 

ONG GOED: 5 vcéccine Aeaee . 8 6 12 10 


2. Blue shale containing apparently a very thin 

layer, } in. or so thick, of blue hard rock with 

a slight tendency to cone-in-cone structure... .. 4% .. 4 
1. Black shale to bottom of creek. These lower 

two zones and a considerable part of the over- 

lying 12}-ft. zone of black shale are only shown 

on the lower part of the bank at the axis of 

RG cick wo kchwsawarems 


In the above section there is a layer of cone-in-cone in the black 
shale of zone No. 3 and even an imperfect one in the blue shale of 
zone No. 2; consequently if the layers of cone-in-cone are char- 
acteristic of the Cleveland shale, it appears that practically all 
of the above section is to be referred to that formation. Appar- 
ently all of the shale overlying the 2}-ft. zone of blue shale (No. 6) 
with a thickness of nearly 373 ft. ought to be referred to the Cleve- 
land. 

Farther up the creek on its western (southern) bank on the 
Frank Landoll farm the Berea sandstone is shown and the follow- 
ing section was measured: 
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SECTION ON RATTLESNAKE CREEK ON LANDOLL FARM 


Ne THICKNESS ae 
Ft. In. Ft In. 
10. Berea sandstone: Shaly to fairly massive sand- 
stone, but more or less shattered and highly 
inclined to the west. The sandstone has more 
or less contorted or concretionary structure 
ind there is also some shale, from 8 to ro ft. 
shown. The lower layer is full of marcasite.. 9+ .. 46 6 
Blue, argillaceous shale lithologically like the 
a ee es suchas eee ICN wx 6 37 6 
8. Covered interval.......... ices eaeeste. — Qf 35 ° 
7. Bluish-gray, argillaceous shale lithologically 
8 eee ee eee . 16 6 33 3 
6. Black, hard shale....... Daa ait I 2+ 16 9 
Bluish-gray, argillaceous shale from 1} to 23 
Mi Ca a daWSAeRNSCndehethakcadekionaiees 56 2 15 7 
0, MI IE oop saree ibc anh ea Reka Ale a cra I 9 15 5 
. Bluish-gray, argillaceous, blocky shale litho- 
logically like Bedford.............. cidiewacs. o+ 13 8 
Black, slaty shale lithologically like Cleveland 2 4 9 8 
t. Covered to creek level; but on the opposite 
bank just below the old stone bridge is black, 
slaty shale regarded as Cleveland, which con- 
tains numerous specimens of Sporangites..... 7 4 7 4 


In the above section the blue to bluish-gray argillaceous shale 
of zones 7 and 9g certainly has the lithologic appearance and strati- 
graphic position of the Bedford. The black shale of zone No. 6 
is lithologically like the Cleveland; but below is the 2=-in. layer 
of bluish-gray shale (zone No. 5), then 1 ft. g in. of back shale, 
zone No. 4), below which is a 4-ft. zone of bluish-gray shale 

No. 3), so that it is somewhat uncertain where the line between 
the Bedford and Cleveland ought to be drawn. A few rods below 
the locality of the above section are two abandoned quarries with 
walls from 30 to 40 ft. high. The barometer indicated that the 
water level in the first quarry is fully as low as the bed of the creek 
opposite the section where the base of the Berea sandstone is 373 ft. 
above creek level. Mr. Landoll reported that a boring on the bank 
not far from the above section was all in “slate,” no sandstone in 
it. This is evidently another example of channel filling and others 
may be seen on the banks of the creek farther up stream. 
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Vermilion River sections —The next river east of the Huron 


SECTION ON VERMILION RIVER AT RUGBY 


Bedford formation: Near the bend of the river the upper part 
of the bank is composed of red shale with an estimated 
thickness of 20 ft 

Buff to gray argillaceous shale with an 1 occasional ‘thin, 
harder layer. Measured on roadside up the hill west of the 
river 


. Very hard, gray, | fine-grained sandstone which weathers to 


a brownish color and becomes slightly rotten. Shown in 
gully on eastern bank just below Bacon Brothers’ barn and 
by highway on western side with a thickness of from 5 to 6 
in. Blocks of this sandstone are conspicuous on the steep 
bank above the Rugby River bridge. Lcocaiean 

Light to dark-gray, blue and buff, soft to rather hard argil- 
laceous shale with a 1-ft. layer of thin-bedded, very compact 
argillaceous limestone which weathers to brown. Fossils 
occur in these shales the most abundantly at 3 ft. 8 in. above 
the base of the zone. The description and measurement 
for this zone are from the outcrops by the eatin west 
of the river, where it is 6 ft. 5 in. thick re 

Cleveland shale: Black, slaty shale finely shown in river 
bank above the Rugby bridge. Perhaps there are some 
lighter-colored layers below the middle of this shale. The 
bank has that appearance as seen from the opposite side 
of the river, although it is difficult to be certain. In the 
gully below the Bacon Brothers’ barn there is a covered 
interval of 13} ft. from the base of the thin sandstone to the 
top of the first exposed black shale. From this horizon 
down to river level at the Rugby bridge is 76} ft. as leveled 
by Mr. T.G. Roderick, the writer’s assistant. If to this be ad- 
ded the additional 7 ft. of black shale to bring it up to the 
base of the Bedford as shown on the western side it will make 
it 83} ft. Going up the river there is an anticlinal fold which 
near the bend brings up blue shale, and there are appar- 
ently about 8 ft. more of black shale to be added to the 
bank at the bridge, making altogether 91} ft. of black shale 
“Erie shale” of Newberry: Blue shale and thin layers of 
blue micaceous sandstone, from 2 to 5 in. thick. At bend 
in river and to river level when water is low 


is the Vermilion, which also has steep banks affording excellent 
One of the most interesting is on its eastern bank at 
Rugby (formerly called Manchester and Mill Hollow), in Brown- 
helm Township, 18 miles northeast of Milan on the Huron River. 


Tuick- th 
NESS mp 
— NES 

Ft Ft 
20> I4 
10 12 
$= 110 
64+ 100 
or} 103+ 
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Dr. Newberry stated in his description of the Erie shale that 
“toward the west it rapidly thins out and is lost sight of south and 
west of the Vermilion river.'” 

Mr. Bacon stated that Mr. Terrell used to hunt for fossil 
fishes at this locality; that the largest number of specimens came 
from the bank above the bridge; that the horizon could be easily 
reached from the river level and would, therefore, be in the lower 
part of what is called the Cleveland shale in the above section. 

\ well was drilled on the Indian Fort farm, at the house of 
Mr. S. J. Leimbach, 1} miles south of Rugby, in the summer of 
1912. The following data concerning it were furnished by Mr. 
Leimbach and Mr. Henry Schafer, who drilled it. The sandstone 
“shell” near the base of the Bedford was struck at a depth of 55 ft. 
nd 7 ft. added to this would give 62 ft. for the depth of the top 
of the Cleveland shale. The Devonian limestone was reached at 
670 ft., above which the driller reported 150 ft. of soft shale. In 
the well on the F. R. Morse farm, about one-fourth mile north of the 
Leimbach one, Mr. Schafer stated that there is a streak of bastard 
limestone 8 to 1o ft. thick about 20 ft. below the top of this soft 
shale. This hard zone is probably the Prout limestone, in which 
case the Olentangy shale is 120 ft. thick and 670 ft.—130 ft.+62 ft. 
leaves 478 ft. for the thickness of the Ohio Shale (Cleveland and 


+=) 


Huron shale). 

On the western side of the Vermilion River at the Cooper or 
Miles bridge, a mile below Rugby, is a conspicuous cliff of Cleve- 
land shale. A few rods below the bridge is a gully in which the 
following section was measured: 


SECTION ON VERMILION RIVER BELOW COOPER BRIDGE 


Turex- Trex: 
No. uESS NESS 
Ft Ft 

Cleveland shale: This zone forms the conspicuous upper 
part of the cliff and is composed of black, slaty shale. In 
the gully, where 55 ft. are shown according to the barometer, 
all black except a one-half inch streak of soft, gray shale. 
On the highway up western bank near base of continuous 
black shale a calcareous, gray, lenticular layer 1o to 12 ft. 

long and about 2 in. thick with cone-in-cone structure 55> 87 


Geological Survey of Ohio, I (1873), 163. 




































Nc 


4. 


35° 


composing zone No. 4. 


sandstone 


In the above section there is no evidence to show that the 
Cleveland shale extends below the base of the 55 ft. of black shale 
The subjacent shales and thin sandstones 
may be referred to the Huron shale or its eastern equivalent, the 
Chagrin formation. 
The following section was measured from outcrops by the high- 
way climbing the eastern bank from the Cooper bridge: 
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SECTION OF VERMILION RIVER BELOW CoopER BripGE—Continued 


3. Alternating olive and blue layers of argillaceous shale with 
black, bituminous shale and thin layers of blue, micaceous 
sandstone. The light-colored layers of shale predominate 

. Black shale predominates but there are thin bands of light- 
gray shale with an occasional thin one of blue, micaceous 


Tuick- — 
— Torat 
Ft. Ft 
12} 32 
‘ 1 
53 193 
14 14 








SECTION ON VERMILION RIVER East OF COOPER BRIDGE 


Bedford formation: Gray, compact, and very 
hard sandstone, from 6 to 7 in. thick. Farther 
up the highway is chocolate-colored, argil- 
laceous shale ch ce mteaG eek eae ee wee ae 


. Thin-bedded, blue, impure limestone alternat- 


ing with shales. . 


. Blue, argillaceous shale in upper part of zone; 


lower part composed of gray to drab, argil- 
laceous shale acco hae wipetaran aces tate 


. Cleveland shale: Black, slaty shale containing 


two layers with cone-in-cone structure. The 
upper one is about 1 in. thick and may be 
traced for some distance in the shale. Con- 
siderably lower and near the base of the out- 
crop is the other one that is a lens of dark-gray, 
calcareous rock 8 ft. 10 in. long and near the 
center 4 in. thick, in which the cone-in-cone 
structure is well shown. The dip along the 
highway varies from 4° to 10° N. 40° W. Base 
OE DRAG GREE OE GIN. ook cc ccckcesscves 


THICKNESS 
Ft. In 
I 5 
3 I 


TOTAL 
THICKNESS 
Ft In 
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Black River sections —To the east of Vermilion River is Black 
River, which is also bordered by high banks for much of its course 
northward from Elyria. On the eastern bank of Black River on 
the farm of the late Mary L. Demeiner (formerly known as the 
D. W. Garfield farm) in the extreme southern part of Sheffield 
Township, 32 miles north of Elyria and 113 miles northeast of the 
Rugby section on Vermilion River, is a steep cliff where the fol- 
lowing section was measured. Its upper part is exposed by the 
northern side of the east-and-west highway a few rods below the 
Demeiner house. 


SECTION ON BLACK RIVER ON DEMEINER FARM 


N THICKNESS a 
Ft In. Ft. In. 
Bedford formation: Soft, rather light-gray, 
argillaceous shale, 4 to 5 in. shown........... 44+ 71 7 
4. Dark-gray to blue, rather blocky shales con- 
taining the usual Bedford fauna. The fossils 
are most abundant in the upper part of the zone 
and Parallelodon hamiltoniae (Hall) is the most 
common species......... ee ee ere I 93 7! 24 
Soft, light-gray, argillaceous shale from 17 to 
ee salen aaa ak aa eea eae I 6 60 5 


. Coarse, blocky, dark-gray to blackish, arenace- 

ous shale containing some fossils, as Spirifer sp. 
Be een eT a II 67 II 

1. Cleveland shale: Slaty shale, apparently all 

black. From river level to base of Bedford 60 

ft. by barometer and 67 ft. as leveled by Mr. 

oO eee ree yee 67 aia 67 

The 67 ft. of black shale in the above section all belong in the 
Cleveland and the base of the cliff apparently does not reach the 
top of the Huron or Chagrin shale. 

There are steep banks composed mainly of black shale on the 
sides of the big bend in the Black River east of South Lorain. On 
the northern side at the “gap” about 13 miles north of the Demeiner 
section the bank and outcrops on the highway are apparently all 
black shale and almost at the base is a calcareous lens 13 inches 
thick at the middle, with cone-in-cone structure. These shales 
contain immense numbers of Sporangites which may be collected 
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in the weathered, loose shales at the foot of the cliff. In the summer 
of 1912, when this locality was last visited, the river was high so 
that one could not follow along its lower bank. When it was 
visited in 1903 it was noted that the western bank shows several 
small anticlinal and synclinal folds. At a point about opposite 
the street running west there are 53 ft. of black, slaty shale, appar 
ently all Cleveland, capped by 4 ft. of drift. At the northern end 
of the cliff near the base it was stated that two layers of micaceous 
sandstone are brought up, and above these in black shale are a 
least two bands of soft, olive, argillaceous shale from 2 to 3 in. 
thick. The lower olive band is about 6 ft. above the upper sand 
stone stratum. These bands of olive shale are stratigraphically 
below the base of the 53-ft. bank of black shale and at the norther: 
end of the cliff perhaps to ft. of shale stratigraphically lower thai 
the 53-ft. bank are shown. 
SHORE OF LAKE ERIE FROM LAKE BREEZE HOUSE TO EAGLE CLIF! 
VILLAGE 

Section near Lake Breeze House.—The lake shore east of the 
mouth of Black River for nearly 4 miles is said to be composed ot! 
drift and soil. Below the grounds of the old Lake Breeze House 
shales and sandstones appear and the lake shore from this locality 
eastward is called “‘iron-bound,” on account of the general presence 
of rock cliffs. The following section was measured on the cliff east 
of the Lake Breeze House grounds and below the brick school- 
house in Sheffield Township: 


SeEcTION East OF LAKE BREEZE HOUSE 


rmcemss TOL, 

Ft. In Ft. In 

14. Bowlder clay to top of cliff................. 10® .. 15 3 
13. Black, bituminous shale which on weathering 
splits up into thin laminae; the edges are rusty 
with efflorescence of sulphate of iron (melan- 

terite, FeSO, - 7(H.0)) 7” Png 2 10 5 3 

12. Soft, gray, argillaceous shale : ara at I 2 5 

11. Blue, hard, sandy shale , I+ 2 4 

10. Soft, gray shale er I— 2 3 


g. Blue, compact, very fine-grained sandstone, 
from 4 to 5in. thick. Fossil fish in black shale 
below this sandstone 














“ 














HURON AND CLEVELAND SHALES OF NORTHERN OHIO 
N THICKNESS = TyHCKAESS 
Ft In Ft In 
Black shale from 2} to 3} in. thick 3 I 93 
Soft, gray, argillaceous shale containing two 
thin layers of black shale 3 I 63 
Black shale 1} I 33 
Thin layer of bluish sandstone : I 2 
Black shale 83 I 1} 
Gray, argillaceous shale 1} 47 
Black shale 23 33 
Blue to gray, argillaceous shale and base of 
shale exposed on lake bank I I 


Judging from those studied farther east, all of the shales in the 

ve section are below the base of the Cleveland, with the pos- 
sible exception of the black shale of zone No. 13. 

Mr. Charles Maddock, who lives just west of the Lake Breeze 
House and formerly collected specimens of fossil fish with the late 
Mr. Jay Terrell at this locality, said that most of the specimens 

me from the black shale below the thin sandstone layer of zone 

..g. This indicates that those specimens reported by Mr. Terrell 

ym the lake shore near the Lake Breeze House came from the 
yper part of the Huron shale which farther east is equivalent, 
t\ratigraphically, to the upper part of the Chagrin formation. 

Dr. Newberry at first referred these fish-bearing shales to the 
Huron and stated that: 

most interesting specimens found in this locality have rewarded the 

borious and intelligent search of Mr. J. Terrell, the proprietor of the Lake 
Breeze House, situated in the immediate vicinity of the outcrop of the fish- 
earing stratum.' .... These specimens we owe to the enthusiasm and 
telligence of Mr. Jay Terrell, who found them at his home in Sheffield, 
Lorain Co. Here the upper portion of the Huron shale forms, along the 
Lake Shore, cliffs, which are being constantly worn away by the waves. These 
fis have been Mr. Terrell’s favorite hunting ground, and as the erosion of 
he surface revealed here and there the projecting point of a bone, each indi- 
tion has been followed up with care, and the bone taken out.2.... The 
irge number of specimens since obtained, and, indeed, all the remains of 
Dinichthys hitherto taken from the summit of the Huron shale at Sheffield, 
belong, as we now know, to this species [D. ¢errelli|, which is quite distinct 





3 


irom that found at the base of the formation at Delaware [D. herzeri 


Geological Survey of Ohio, II (1874), 214, also see I (1873), 157. 


2 Jbid., I1, Pt. II, Paleontology (1875), 3. 3 Tbid., p. 4. 
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Later, Dr. Newberry changed his opinion concerning the age 
of these fish-bearing shales and wrote as follows: 

This dip misled us, and the thinning of the Erie shale, bringing the Cleve- 
land down near to the Huron, caused these two to be confounded, and led 
to the supposition that the fish-bearing black shales which form the lake shore 
in Lorain County were the upper part of the Huron; hence all the great Placo- 
derms discovered by Mr. Terrell were at first referred to that formati 
This matter was, however, cleared up by an excursion made by the writer 
westward from Cleveland in 1886, and it is now definitely established that all 
the outcrops of black shale in Cuyahoga and Lorain Counties belong to the 
Cleveland shale, and that none of the fossil fishes described from northern 
Ohio should be credited to the Huron. 


1. 


Section on Aaron Hill farm—The following section was 
measured at a little gully on the Aaron Hill farm a few rods east 
of the end of the Harris road and one mile northeast of the Lake 
Breeze House: 


LAKE SHORE SECTION ON THE AARON HILL FARM 


No THICKNESS —.. 
Ft In Ft I 
11. Bowlder clay with soil at top eer , 18 83 
ro. All black, slaty, bituminous shale. In the 
shale a lens of coal 1? in. thick, 3 ft. long, and 
31 ft. above the sandstone layer of zone No.6 11 5 13 8 
9. Blue, argillaceous shale from 1 to 1} in. thick .. 3+ 2 33 
8. Sandstone layer from o to 1} in. thick I= 2 2 
7. Blue to gray, argillaceous shale....... une 13 2 I 
6. Blue, compact, micaceous, laminated sand- 
stone layer, from 3 to 6 in. thick, which is the 
conspicuous one on this part of the lake shore .. 43+ 1 11} 
5. Black shale from 4 to 5 in. thick. Se 44+ 1 7 
4. Soft, gray shale from 2 to 3 in. thick with a 
streak of black shale at the middle of the zone 
from } to } in. thick reek. ; ag | 24 
3. Black shale , hacen pinta rr 5 I ° 
2. Bluish-gray argillaceous and arenaceous shale .. I ; 7 
1. Black shale to lake level Fin antigen teee a 6 ; 6 


The above section is about north of the Aaron Hill farmhouse 
and a little farther east than opposite his barn the sandstonc 
layer of zone No. 6 is at lake level. This is a dip of 1} ft. in a 
horizontal distance of 375 ft. The sandstone reappears in the clifi 


* Monograph U.S. Geological Survey, XVI (1889), 127. 
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ittle farther east than opposite the first farmhouse east of the 
{ill’s. This shows a small synclinal fold and as the shore is fol- 
ved eastward to Beach Park and beyond there is seen a succession 
small anticlinal and synclinal folds as has been described by 
’r. Kindle. He states: 
With few exceptions these structures have very low arches, nearly flat 
top, which rise above their troughs from 3 to 8 feet. The width of these 
tle undulations usually ranges between 200 and 350 yards, giving an effect 
unlike the billowy surface of a subsiding sea. An exceptionally high arch 
west of Eagle Point and another at Beach Park rise 20 feet or more. 
ailed study of this lake shore section has shown that the east and west 
bs of the series of low anticlinal rolls which succeed each other for more 
n 8 miles are essentially equal, and that for this distance the base of the 
veland shale shows no westerly declination between Eagle Cliff and Lake 
eze.* 
The sandstone of zone No. 6 of the above section is an easy 
e to follow along the lake cliff as long as it is above water or 
Mm reappears in this succession of anticlinal and synclinal folds. 
is a blue to bluish-gray, laminated sandstone which splits up 
to thinner layers, so that it may be called platy, and when it 
aches lake level it breaks out in large rectangular slabs. The 
ain line of joints run about 70° W. of N. 
Section on L. B. Ellis farm.—Another lake-shore section was 


easured on the L. B. Ellis farm, which is about two miles south- 


west of Beach Park. 


LAKE SHORE SECTION ON THE S. B. ELuis FARM 


Ft In Ft In 

Black, slaty, bituminous shale. A _ cone-in- 

cone lens almost at the base of this zone 6 6 14 4 
t. Soft, gray and blue, argillaceous shale ; 43 7 IO 

Black shale 3 7 53 
. Soft, blue to gray, argillaceous shale 3 7 4} 

Black, bituminous shale a rn 7 13 
. Soft, blue to gray, argillaceous shale. The 

total thickness of these gray to blue and black 

layers of shale between zones 6 and 12 of thick 

SE Ge OE BOE OR n ois ee Kacawnantien 33 7 3 


t American Journal of Science, 4th ser.,. XXXIV, 207, 208. 
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LAKE SHORE SECTION ON THE S. B. ELtis FARM—Continued 


. To 
No. TuICKNESS THICKN 
Ft In Ft 
6. Black, slaty, bituminous shale with marcasite 
concretions. . 4 10 6 


5. Soft, blue shale from 3} to 4 in. thick in which 


in places near the center of the zone is a little 

harder material 3 =O: 
4. Blue, micaceous, laminated, platy sandstone 

layer, from 2 to 6 in. thick. Both the top 

and bottom surfaces appear to be uneven so 

that the thickness of the layer is variable. 

The conspicuous sandstone layer with numer- 

ous loose blocks along this part of the beach 4+ I 
3. Black shale 33 I 
2. Soft, blue, argillaceous shale with an inch band 

of black shale in the center 5 I 


1. Black shale to lake level 7 


The 12{-inch zone of gray to blue and black shales between 
zones 6 and 12 of thick black shale shows the appearance of the 
gray to blue soft shale at a higher stratigraphic position than in 
the sections toward the Lake Breeze House. For example, in t! 
section on the Hill farm above the conspicuous sandstone zone are 
from 24 to 44 in. of blue, argillaceous shale and sandstone, and then 
the 11 ft. 5 in. of black shale extending to the top of the sha 
outcrop. In this section there are from 3} to 4 in. of blue shale 
above the conspicuous sandstone, then 4 ft. 1o in. of black shal 
overlaid by the 12? in. of gray to blue and black shale, capped b 
63 ft. of black shale near the base of which is a cone-in-cone layer 
This upper zone of black shale, No. 12, certainly appears to belong 
in the Cleveland. 

Beach Park section.—In the western part of Beach Park, just 
west of the bathing beach, a marked anticlinal fold brings up th: 
rocks for some thickness below the conspicuous sandstone laye! 
which at this locality appears at the top of the bank until it dis 
appears toward the axis of the fold. 
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LAKE SHORE SECTION IN WESTERN PART OF BEACH PARK 


' Tmoness 7 TOPE. 

Ft In Ft In 
6. Blue, micaceous, laminated, platy sandstone, 
1ich is near top of bank, continues on up to 
top and is worn away toward the axis of the 

6 13 8i 
\lternating gray to blue, argillaceous and black 

le 6 11 13 24 

ie, thin sandstone from 1} to 2 in. thick 15+ 6 33 
slue to gray and black shale from 6 to 7 in. 

ck 63 6 13 

ie, thin sandstone from 1} to 3 in. thick. .... ais 5 73 
Mainly gray to blue, argillaceous shale with 
me thin layers of black shale. Lenticular 
yers of clay ironstone occur in these soft shales, 
hich are like those in the Chagrin formation 
the western part of Cleveland. Layer of 
ie, thin sandstone near base of section. Lake 

vel 5 5 5 5 


\ll of the above section closely resembles lithologically the 
Chagrin formation as shown along the lake shore to the west of 
Cleveland and Rocky River. A view of the eastern limb of this 

ticlinal fold to the east of the bathhouse is shown in Fig. 6. 
{von Point Cliffs—The blue, conspicuous sandstone was {fol- 
ved in the cliffs bordering the lake to almost opposite the northern 
end of the road running south to Avon Center, about one-fourth 
mile southwest of Avon Point. The writer is uncertain whether 
is sandstone shows or not in the cliffs at Avon Point; but to the 
east of Avon Point in Avon Lake it has thinned to a somewhat 
oncretionary layer from a fraction of an inch to 2 in thickness. 
lwo ft. or more below is another thin sandstone and 4 = ft. below 
that is a zone of three sandstones separated by 8 or g in. of shale. 
Still lower, not far above lake level, are several thin sandstones 
nd the lower shales contain lenticular ironstone concretions. At 
this locality there are 10 ft. or more of apparently black Cleveland 
shale forming the upper part of the cliff, below which are some 15 ft. 
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of blue to gray shale with thin bands of black shale containing 
layers of sandstone from 1 to 2 in. thick, all of which is referred to 
the Chagrin formation. This cliff is at the D. E. Parsons cottage 
in Avon Lake at stop 50 on the Lake Shore Electric Ry. a few rods 
east of the brick schoolhouse of Avon District No. 4. It is three- 
fourths of a mile southeast of Avon Point and about one and one- 


Fic. 6.—Cliff of Huron shale=Chagrin at Beach Park on shore of Lake Eri 


showing one limb of anticlinal fold. 


half miles northwest of the western end of Eagle Cliff. The rocks 
are dipping easterly; but east of Avon Point they lie much mor 


nearly horizontal than to the west of it where there is so much 


folding. 
Section opposite house of John Goetz.—The following section was 
measured opposite the house of Mr. John Goetz about one mil 


west of the western end of Eagle Cliff: 
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LAKE SHORE SECTION OpposITE HOUSE OF JOHN GOETZ 
TOTAL 
THICKNESS 
In. 
12. Drift and soil : 37 10 
11. Cleveland shale: Apparently all black, slaty, 
bituminous shale... . 
Chagrin formation: Blue, thin sandstone 
Gray and black shale, alternating. 
8. Blue, thin sandstone from 1 to 1 in. . thick. 
Gray and black shale, alternating 
Blue, thin sandstone from 1 to 2 in. thick 
Soft, gray, argillaceous shale with thin layers 
black shale. More or less concretionary 
layers of thin sandstone occur at irregular 


THICKNESS 


intervals . 
Blue, laminated sandstone from 23 


Gray and black shale 

Blue, thin sandstone from } to 2} in. thick... 
Gray and black shale with thin layers of some- 
what concretionary sandstone to lake level. .. 


The 19} ft. of upper black shale in the above section clearly 


appear to belong in the Cleveland shale, and the subjacent shales 
and sandstones the writer refers to the Chagrin. 

Section at western end of Eagle Cliff Village-—A mile farther to 
the southeast the following section was measured at the house of Mr. 
W. T. Hinz, which is the most eastern one in Avon Township; just 
to the east is the western end of Eagle Cliff Village of Dover 


lownship. 


LAKE SHORE SECTION AT THE House oF W. T. Hinz 


TOTAL 
THICKNESS 


) Ft. In. 
Drift and soil 47 8 
Cleveland shale: Apparently all black, slaty, 


THICKNESS 


bituminous shale 3 Pe 43 
Chagrin formation: Blue sandstone and arenace- 
ous shale . . 
. Soft, blue to gray, argillaceous shale alternating 
with thin layers of black shale. There are also 
thin layers of blue sandstone. Lake level... 













360 CHARLES S. PROSSER 





















It will be noticed that the cliffs increase in height as followed 
eastward from the Lake Breeze House to Eagle Cliff. The cliff 
at the Goetz house, one mile northwest of Eagle Cliff, is nearly 
38 ft. high and the one just west of Eagle Cliff 47%. These higher 
cliffs also show a greater thickness of the Cleveland shale, as, for 
example, 34 ft. in the Hinz Cliff, 19} in the Goetz, and in the low 
cliffs near Lake Breeze only a few feet at most. 


— 





Fic. 7.—Cliff at eastern end of Eagle Cliff Park on shore of Lake Erie. Upper 


/ 


part of cliff Cleveland shale; lower part Chagrin = Huron. 


A view of the shore of Lake Erie at the eastern end of Eaglk 
Cliff is shown in Fig. 7, where the upper part of the cliff is composed 
of Cleveland shale and the lower part of Chagrin= Huron shale. 

The cliffs along the lake shore from Eagle Cliff eastward to 
Rocky River, the banks of this river, the lake shore cliffs in the 
western part of Cleveland, and many sections on the streams east 
of Cleveland have recently been described in Bulletin 15, 4th series 
of the Geological Survey of Ohio, to which the reader is referred for 
a detailed description of these formations in that part of the state 
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CONCLUSIONS 

[t has been shown in Bulletin 15 of the Geological Survey of 
Ohio that the Cleveland shale in the Cleveland region is underlaid 
by the Chagrin and overlaid by the Bedford formation. The upper 
art of the Chagrin formation in the Cuyahoga Valley and to the 


eastward contains a marine molluscan fauna concerning the age 
vhich there appears to be a general agreement that it represents 





Fic. 8.—Cleveland shale at junction of East Branch and West Branch of Rocky 


River at Olmsted 


e Chemung of southern New York which belongs in the upper 
Devonian. The basal part of the Bedford formation also contains 
marine molluscan fauna which has been found as far west as 


th sides of the Vermilion River and is also present in central 
Ohio. The weight of evidence also appears to support the reference 
this fauna to the Devonian which has been effectively presented 
. recent paper by Dr. Girty.* 

In Bulletin 15 in connection with the present paper, it is shown 


{nnals New York Academy of Sciences, XX1, 295-310. 
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how, as the Chagrin formation is followed westward from Rocky 
River along the lake shore and in the stream valleys, that thin layers 
of black shale appear in the typical blue and gray shales of the 
Chagrin. These alternating layers of blue and black shales were 
found in the lower courses of the Black and Vermilion rivers, while 
on the Huron River, the typical locality of the Huron shale, it 
was seen that this formation consists of a certain number of zones 
of practically pure black shale alternating with those that are com- 


3 


posed of generally rather thin zones of blue to gray shale alternating 
with black shale. The formation has a thickness of over 200 ft. in 
the Huron River region and the thick zones of black shale contain 
spherical concretions of variable size. The invertebrate, verte- 
brate, and plant fossils contained in the Huron shale are of Devonian 
age according to the opinions of at least most paleontologists wh: 


have recently studied them.‘ The Cleveland, composed mainly « 
black, bituminous shale containing lens-shaped layers with cone-in- 
cone structure and without spherical concretions, overlies th 

Chagrin formation in the Cleveland region and on Rocky River 

while to the west in other streams or in the cliffs of the lake shor 

nearly, if not quite, as far as Lake Breeze it overlies the alternating 
blue to gray and black shales with thin sandstones. The Cleve 

land shale overlies similar alternating shales in the Black and 
Vermilion river valleys and the Huron shale in the Norwalk region. 
The thickness of the Bedford formation is variable in all this region 

largely due to the erosion of its upper surface before the deposition 
of the Berea sandstone, which was perhaps in general greatest in 
the Norwalk region where frequently all of the formation is wanting 
and at most only the lower part remains. The Bedford fauna and 
the disconformity between the Bedford or Ohio shale and Berea 
formations favors drawing the line of separation between the 
Devonian and Mississippian at this horizon. It appears clear that 
the upper black shale crossing this district is the Cleveland, that 
the Huron shale in general is the western lithologically more or 
less changed stratigraphic equivalent of the Chagrin formation 

and that both the stratigraphic and paleontologic evidence agree 
in referring it to the Devonian. 


‘For a summary of these opinions see Geological Survey of Ohio, Bulletin 15 


chap. vi, 509-29. 














OSTODOLEPIS BREVISPINATUS, A NEW REPTILE 
FROM THE PERMIAN OF TEXAS 


S. W. WILLISTON 
University of Chicago 


[In the summer of 1909 the writer found, on West Coffee Creek 
in Willsbarger County, Texas, a series of seven articulated vertebrae 
and their connected ribs, for the most part concealed in a small 
block of red sandstone. At the time of their discovery a new 
genus of reptiles was recognized in the specimen, but only recently 
has the opportunity for its further examination presented itself. 
The removal of the concealing matrix has revealed certain unique 
characters that will justify the description of the well-preserved, 
though incomplete specimen. 

[he vertebrae resemble these of Araeoscelis more closely than 
those of any other form hitherto made known from the Permocar- 
boniferous deposits of America. They also seem to resemble those 
of Tomicosaurus Case, so far as their arches are concerned—the 
centra are unknown in the latter genus—but differ in the presence 
of stout diapophyses and much greater size. The centra of 
Ostodolepis are as broad as long. The ends, as usual, are deeply 
and conically concave, with a small perforating foramen. The 
under side is gently concave longitudinally, broad from side to 
side, and gently concave in the middle transversely. Just above 
the sides of the nearly square under surface there is a shallow 
lateral fossa near the middle. The arch is low and flattened, broad 
from side to side, though not at all cotylosaurian in character, 
and has a very small, almost vestigial, tuberculiform spine. The 

ygapophyses are broad and flat, and their articular surfaces look 
lmost directly upward and downward. On the lower part of 
the arch on each side, near the front end of the vertebra, there is 

rather stout, but short, diapophysis, directed outward and a 
little downward and backward, with its free end oval in outline 
and gently cupped. Unlike any centra from Texas hitherto 
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observed by the writer, those of the present specimen on their 
free surface show numerous, irregularly placed, minute pits leading 
into nutrient canals. 

The ribs, for the most part, are preserved in position. Each 
has a rather prominent and stout tubercle lying in apposition 
with the end of a diapophysis; and the capitulum lies in the inter 
central space below the middle of the vertebra, and near the end 
of the very slender intercentrum. The fractured ends of the ribs 
show a small central cavity filled with crystals. 

The block of matrix, as discovered, showed along its fractured 
edges, nearly parallel with the under side of the vertebrae, two 
series of overlapping, slender 
bony lines, which were first 
supposed to be merely imbr 
cated ventral ribs, though tl 
absence of fractured ends wa 
inexplicable. When the latera| 
surfaces were cleared of matr 
these lines were found to be th 





fractured edges of bony plate 

Fic. 1.—Ostodole pis brevispinatus Wil- These lines lie along the broke: 
liston. Posterior dorsal vertebrae from edge of the block in very order! 
the side and in front, with articulated a . 


ae ge arrangement, their inner, pos 
rib. Natural size é 


terior ends about one millimete: 
apart; they are directed obliquely forward and cutward. Eac!l 
line measures about eight millimeters in length, and is of about the 
thickness of writing paper; they lie closely upon each other and ar 
straight. The external, anterior, and very thin margins of thes« 
scutes are directed forward, a remarkable arrangement. None o 
the scutes can be laid bare completely, but the numerous ones seen 
on the surface below the vertebrae show a width of each approxi 
mating its length. The angles are broadly rounded. The outer 
surface seems to show shallow concentric grooves, possibly corres 
ponding to the free margins of the overlying scutes, of which ther 
are about six. Under a hand lens they show very distinct, slender 
raised lines, quite concentric with the free margin. In general the 


scutes resemble the cycloidal scales of bony fishes. 











hinus, Poecilospondylus, 
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[he surface showing these scutes, as exposed on each side, is 
about an inch and a quarter in width, and must have been originally 
it least a half-inch wider. The scutes continue quite to the verte- 


brae, ascending a short distance on their sides, and over the ends 
of the posteriorly directed ribs. It would seem very probable 
that, after decomposition of the body had begun, the skin bearing 
these scutes had slipped down from the ribs and vertebrae till 
it came nearly in contact on the two sides. No trace of the scutes, 
however, was found in the matrix over the arches of the vertebrae. 





Fic. 2.—Ostodole pis brevispinaius. Scutes of right side. Enlarged. 


Whether or not these scutes originally covered the whole of the 
ody can not be determined in this specimen, though it is quite 
vident that they covered the whole under surface of the abdomen 
s high up as the vertebrae, in the living animal. The vertebrae 
re evidently from the posterior dorsal region. Such bony scutes, 
vhether they be ventral only or not, are wholly unlike anything 
that has hitherto been observed among the Permocarboniferous 
eptiles of America, and very unlike the slender ventral ribs which 


have been observed in other genera, such as Labidosaurus, Ca plor- 


Varanosaurus, Ophiacodon, etc. In all 
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these genera these ribs appear to be continuous, directed backward, 
outward and upward from the median line back of the coracoids, 


and they are not at all imbricated. In this remarkable specimen 
they lie everywhere in five or six imbricated layers directed obliquely 
forward and outward, the thin external edges about one millimeter 
or a little more apart. Such an arrangement, if they be dermal 
structures, must certainly have been inconvenient for a crawling 
creature, unless it were descending a tree! And this leads to the 
conclusion that these scutes, notwithstanding their close imbrica- 
tion and fish-like appearance, must have been ossifications in the 
connective tissue, and overlaid by the skin in life. 

The very short spines, the broad and flat zygapophyses and 
strong rib attachments suggest a slender lizard-like form for the 
living animal, one probably with long legs and prehensile feet, 
cursorial or climbing in habit. 

The name Trispondylus Williston (this Journal, XVIII, 59 
is preoccupied; it may be replaced by Trichasaurus, nom. nov. 

















NOTE ON THE GEOLOGY OF THE ISLE OF PINES, CUBA 


0. E. JENNINGS 
Carnegie Museum, Pittsburg. Pa. 


[t was the good fortune of the writer to be one of a party con- 
stituting an expedition of the Carnegie Museum to the Isle of Pines 
during the month of May, 1910. While primarily busily engaged 
in collecting and studying the flora of the island, the writer inci- 
lentally noted certain geologic features of the island some of which 


are erroneously reported in our present literature. 

[he Isle of Pines is situated about 65 miles south and a little 
t of Batabano, a small seaport on the south coast of Cuba almost 
directly south of Havana. The area of the island is approximately 
1,200 square miles and it is divided by an east-west swamp into an 


< 
= 


irregularly oblong northern portion measuring about 30 miles east 
and west and a narrow southern portion about 40 miles long, east 
and west, with its western end tapering out and upcurving toward 
the northwest for a considerable distance beyond the remainder of 
the island. The general features of the northeastern and central 
portions of the island are well described by Hayes,’ who notes that 
island ‘consists essentially of a level plain above which rise 
numerous isolated ridges. The plain itself consists of three distinct 


elements: (1) a low coastal fringe, (2) elevated terraces, (3) interior 
plain.” 

The writer can add little to Hayes’s description of the portion 
of the island covered by the latter; but the lower valley of the Rio 
de las Nuevas was explored to its mouth in the extreme northwestern 
point of the island, and it may be added that here the shallow sea 
is being rapidly reclaimed through the agencies of the mangroves 
and the alluvial materials washed down by the river. This river 

the largest one in the island and for several miles back from its 

* “Report on a Geological Reconnoissance of Cuba, Made under the Direction of 

neral Leonard Wood, Military Governor, by C. Willard Hayes, T. Wayland 

han, and Arthur C. Spencer, Geologists, 1901,’’ Annual Report of Brig.-Gen. L. 

od, Military Governor of Cuba, rg01. Vol. I. 
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mouth the whole surrounding region can be seen to have been 


rescued from the sea by the united efforts of the river and the 
mangrove. 

The twenty-mile trip from Nueva Gerona to Los Indios, on the 
western coast of the island, was made by automobile, going south 
from McKinley across the level and fairly fertile plain constituting 
the upper drainage basin of the Rio de las Nuevas. The ridge form- 
ing the divide between this river and the rivers draining toward 
Los Indios was found to have rather easy slopes, with but little rock 
exposed, this rock being a quartz-mica schist. Toward Los Indios 
we soon dropped to a slightly elevated level plain whose surface in 
places consisted of considerable areas of glistening white angular 
quartz pebbles and was almost bare of vegetation. As noted by 
Hayes, there is considerable iron lying about in places, evidently 
left after the erosion of the soft schist. Much of this surface iron 
was noted in a trip made from Los Indios to the highest point of 
La Canada range about 6 miles west of the town. 

The Sierra de la Cafiada was supposed by Hayes’, judging from 
its topography viewed from a distance, to be of the Gerona Marble; 
but the ridge is made up of quartz-mica schists, distinctly banded 
with a general northeast dip. The southwestern exposure is quite 
steep and precipitous and probably owes this character to wave- 
cutting during a past period when the land stood at a different lev: 
as is so clearly shown around the bases of the marble mountains in 
the northeastern part of the island. The top of the ridge was 
found to attain a height of 985 feet, by barometer, and access was 
fairly easy by following up the ravines and along the rather gentle 
slopes of minor ridges. The whole ridge is covered by a sparsé 
pine and star-palm vegetation wherever the plants can get a foot 
hold. At the base of the steeper side of the ridge is a well-developed 
talus slope, and from this stretches away immediately the quit: 
level sandy or gravelly plain, pine-covered clear to the coastal 
fringe. Willis, in his “ Index’? has unfortunately accepted th« 
erroneous supposition as to the character of the Sierra de la Cafiada 


"Op cul., Pp. 114. 
Bailey Willis, “Index to the Stratigraphy of North America,” Prof 


Paper 71, U.S. Geol. Surv., 1912, p. 349. 
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From Siguanea City the writer, in company with Col. T. J. 
enan and Dr. T. D. Atkinson, made the trip across Siguanea Bay 
the peninsula extending out from the southwestern corner of the 


ind. Here the bottom of the bay shallows very gradually out 


the low shore and apparently the same general rise continues 
ir across to the “‘south coast,” a distance of three miles or more. 
e surface of this part of the peninsula consists of a hard “coral” 
estone in the little pockets of which a rich humus soil has col- 


ted and which thus supports a rich, broad-leaved vegetation. 


the “south coast,” at Caleta Grande, the sea was beating against 
ery rough and jagged coast with a cliff which in many places 
hes a height of 80 or go feet. A narrow shelf projects out into 
sea at a slight depth, bearing numerous projecting jagged rocks, 
| from this shelf the sea deepens very rapidly to the south. The 


rface of the coral limestone of this peninsula appears to have 
about the same general northeast dip as was seen in the Sierra 


la Canada. 
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Geology.—Reconnaissance of the Jarbidge, Contact and Elk Moun- 
tain Mining Districts, Nevada. By F. C. SCHRADER. Bull. 
U.S. Geological Survey No. 497, pp. 162, with maps, sections, 
and illustrations. 1912. 

Geography.—The districts are in Elko County in northeastern 
Nevada near the Idaho state line. They are contained in an east- 
west rectangular area about 35 miles long by 26 miles wide, the Jarbidge 
district being in the western part, the Contact district in the eastern 
part, and the Elk Mountain district in the northern part. Geologicall) 
and mineralogically the Elk Mountain district is a small-scale replica 
of the Contact district. 

The area is about 50 miles distant from the Twin Falls Branch of 
the Oregon Short Line Railroad on the north and from the Southern 
Pacific Railroad on the south. It lies in the northeastern part of th: 
upland region known as the Nevada Plateau. It is mainly on thi 
southern rim of the Snake River drainage basin, whence it extends 
across the divide and includes a small part of the adjacent Great Basin 
on the south. It lies at the general elevation of about 6,000 feet, but 
it is mostly mountainous and has a vertical range of nearly 6,000 feet 
and culminates at about 11,000 feet in the Jarbidge Mountains on th 
west. In the western part the drainage issues northward throug! 
the Bruneau River, and in the eastern part easterly, thence northwar: 
through the Salmon River, both rivers being main south-side tributaries 
of the Snake. 

Geology.—The area is in a region of fundamentally Paleozoic sedi 
mentary rocks seemingly Carboniferous. They consist principally o 
quartzite, limestone, shale, and slate, folded, faulted, intruded by Cre 
taceous (?) granodiorite, flooded and capped by Tertiary eruptives, 
principally rhyolite, and overlain by Tertiary lake beds and Quaternary 
gravel and alluvium. 

In the Jarbidge district the rocks are principally rhyolites. Here 
the Paleozoic sediments are exposed only on the west. They consist, in 
ascending order, of quartzite, limestone,and shale aggregating about 3,000 
feet (?) in thickness and they dip steeply to the north. The rhyolites 
are separable into two distinct groups, old rhyolite of Miocene (?) age 
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and young rhyolite, Pliocene. Each consists of a series of superimposed 
flows. 

[he old rhyolite occupies a central area about 8 miles square, has 
a thickness of nearly 5,000 feet, and is the principal ore-bearing rock. 
Its flows are heavy, ill defined, and lie nearly horizontal. It is gently 
folded, faulted, and considerably fissured. It is coarse textured with 
large phenocrysts of wine-colored quartz and feldspar. 

[he young rhyolite surrounds the old rhyolite with wide extent. 
It has a maximum thickness of nearly 2,000 feet. It is non-ore-bearing 
and but little disturbed. Its flows are relatively thin, well banded, and 
dip gently outward. It is lithoidal or aphanitic with little or no visible 
quartz, the silica occurring mainly in the form of tridymite. 

The principal rocks of the Contact district are the granodiorite 
and the Paleozoic sediments which it intrudes. The granodiorite 
occupies a central elongated quaquaversal east-west batholitic belt 
25 miles long by 6 miles wide. Surrounding it in a belt several miles 
in width succeeds the overlying quaquaversally outward dipping Paleo- 
zoic sediments with a known thickness of about 1,600 feet. They are 
considerably contact metamorphosed by the magmatic intrusion of the 
granodiorite and both they and the granodiorite are intruded by com- 
plementary syenitic, aplitic, lamprophyric, and monzonite dikes. The 
rhyolite which occurs chiefly peripherally corresponds to the young 
rhyolite of the Jarbidge district with which it seems to be continuous. 
The old rhyolite of that district seems to thin and peter out on the western 
headwaters of the Salmon and does not appear in the Contact district. 

lhe Tertiary lake beds of the area occur chiefly in low places in the 
Contact district where they have a known thickness of 400 feet. They 
are mainly gray “sandstone” composed of volcanic tuff which is chiefly 
pumiceous. In places they are tilted, flexed, and gently folded. They 
seem to be of Pliocene age and belong to the Humboldt formation. 

Che Quaternary deposits of the area include in the Jarbidge Moun- 
tains, besides recent stream gravels, débris, and wash from the hills, 





also some glacial accumulations of Pleistocene age. 

Ore deposits.—The ores were deposited in at least two distinct 
periods of mineralization, Cretaceous (?) and post-Miocene. 

The Cretaceous (?) deposits are chiefly auriferous and argentiferous 
copper ores. They occur mainly in the Contact district and consist 
principally of contact metamorphic deposits conforming to the contact 
zone of the granodiorite with the Paleozoic sedimentaries, and deposits 
in fissures. The contact metamorphic deposits contain much axinite, 
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indicating that pneumatolitic action was an important agency in their 
origin. The fissure deposits are associated with the complementary 
dikes and contemporaneous or slightly later quartz veins, and include 
replacement deposits in the wall rock. They occur principally in the 
granodiorite. The fissures have a steep southerly dip. 

The post-Miocene deposits are argentiferous gold ores. They 
occur in quartz-adularia fissure veins in the old rhyolite in the Jarbidge 
district. They were discovered late in 1909. The fissures are mostly 
contained in two main systems which converge downward. Those of the 
west system dip steeply to the east and those of the east system dip 
steeply to the west. The gangue is pseudomorphic after calcite and 
rhyolite and was deposited by ascending thermal solutions that dis- 
solved out and replaced the earlier calcite gangue. 


Sandstone of the Wisconsin Coast of Lake Superior. By FREDERIK 
TurRVILLE THwaites. Bull. No. XXV, Wisconsin Geol. and 
Nat. Hist. Surv. Pp. 117+ viii. Plates XXIII. Madiso 
IgI2. 

The stratigraphic relations and geologic age of the red sandstonesof th« 
Lake Superior region have long been a subject of discussion arising fro 
the fact that the older sandstones are closely allied to the Keweenaw: 
while the younger beds partake more of the general characteristics « 
the Cambrian. The older sandstones are characteristically composé 
of arkose material and the strata are nearly always tilted. The young: 
group is almost wholly quartz sandstone, and its beds are generally hor 
zontal. Both series, so far as known, are entirely devoid of organi 
remains. Former investigators recognized that the lower group was 
part of the Keweenawan series, but opinions differed as to its relatio 
to the upper; some held that the two were conformable, while other 
maintained that an unconformity existed and that the upper grou; 
probably corresponded to the Cambrian of southern Wisconsin, or it 
conformable downward extension. 

One of the principal results of the present study was the conclusio 
that the upper quartz sandstone grades conformably downward into red 
shales and arkose sandstones which possess the same characters as th¢ 
main body of the recognized Keweenawan sediments. As no conclusiv: 
evidence was discovered which tended to indicate that the two groups 
are unconformable, the facts are believed to warrant the belief that the 
sandstones form a single essentially conformable series. What has 
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heretofore been called the “western sandstone”’ (here called the Bayfield 
group) is united by Thwaites with the underlying Upper Keweenawan 


art 


ose sediments (here called the Oronto group) as one continuous 
rmation. The results of this work show that the contact of the upper, 


or Bayfield, group with the Middle Keweenawan traps is a fault. At 


f 


1is contact there is some evidence of unconformity, but the author, 


ywing Van Hise and Leith, regards it as certain that the folding, 
ting, and erosion went on during the deposition of the entire sand- 
me series, and that the upper beds therefore overlapped with slight 
onformity upon the older strata of the same series. The difference 
the degree of folding of the two groups of sandstone is correlated 
h this fact. Both groups were probably deposited subaerially in a 
sin formed by the bowing of the earlier Keweenawan rocks. They 
nprise an enormous thickness of sediments, perhaps amounting to as 
ich as 25,000 feet measured in the ordinary way. But the thick 
es was laid down while deformation of the region was in progress 


ind thus embraces beds which overlap and shingle one another, greatly 


ssening the total bulk of the formation. 
The results of this study, while throwing much light upon the stra- 


igraphic relations in the Lake Superior district, do not in any way 


ermine the relation of the Keweenawan to the Cambrian of the Miss- 


ssippi Valley. But the fact that the Bayfield group was involved in 


profound deformation of the Keweenawan period contrasts it sharply 
th the slightly disturbed strata of the recognized Cambrian of Wis- 
isin and Minnesota. The Bayfield group as here interpreted seems, 
erefore, to be more closely allied to the Keweenawan than to the 
imbrian. But this may be apparent rather than actual. For it is 
t unreasonable to suppose, as Van Hise and Leith have suggested in 
eir Lake Superior Monograph, that subaerial sedimentation may have 


continued within this inland basin nearly or quite up to the time 


hen the advancing Upper Cambrian sea entered the Lake Superior 
sin. It may therefore be that these sandstones deposited on land 
iy bridge the gap between Proterozoic and Paleozoic. But until 
e relation of these sandstones to the fossiliferous beds of proven 
imbrian age can be determined, the question of the age of the red 


indstones still remains a debatable one. It is greatly to be hoped that 


e author will be able to carry the investigation farther in the endeavor 


» connect the Lake Superior sandstones with the fossiliferous St. Croix 
eds lying to the southwest in Minnesota, or with the Cambrian beds 


ving to the eastward in Michigan. 
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The Sub-Oceanic Physiography of the North Atlantic Ocean. By 
PROFESSOR EpWARD Hutt. In atlas form, folio size; 11 
charts. London: Edward Stanford, 1912. 

This, in the opinion of the reviewer, is one of the most important 

works on oceanography that has ever appeared. It is handsomely 
published and on such a scale as to show satisfactorily the evidence of 
the submarine features from the numerous soundings. While many 
writers have investigated the form and depth of the ocean floor, the 
nature of the valleys and canyons which cross the continental platform 
extending beneath the ocean have generally been passed almost unob- 
served. These omissions on the eastern side of the Atlantic have been 
filled to a large extent by Professor Hull’s investigations, now brought 
together out of the scientific journals where they appeared, in such a way 
as to take on their most convincing form. On the European side, Hull 
shows how the British platform, extending toward Iceland, is deeply 
indented by the great Spencerian Gulf; how it is crossed by the Irish 
Sea river, the English Channel river, and other valleys; how the edge 
of the platform is indented by short embayments such as characterize 
the border of plateaus high above tide. Similar features appear about 
the Bay of Biscay where the canyon of Adour is one of the most remark- 
able. Like features appear also in the canyon of the Tagus and in others 
that lie off Portugal. Like phenomena are also shown to occur in the 
Mediterranean. Such also is the great submarine canyon of the Congo 
to which a separate chapter is devoted. 

The analogous features on the western border of the Atlantic and i 
the West Indies had previously been investigated by Spencer, who 
contributes a chapter to Hull’s book. 

Concerning Spencer’s original work Professor Hull speaks in very 
laudatory terms but in this generous tribute to a coworker it should be 
recognized that this line of inquiry was far from fully deployed until 
Hull had directed attention to the significant features that occur on thx 
eastern side of the Atlantic and Nansen had published his Memoir 
touching upon the same subject. Spencer’s chapter in Hull’s mono 
graph describes some of the most important features of the American 
side of the Atlantic in narrative form and this supplements and renders 
more comprehensive the work of Hull in Europe. 

Thus the leading data relative to the submerged river-like valleys 
and canyons on the border of the continents facing the North Atlantic 


are assembled in convenient and instructive form. 


J. W. SPENCER 
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Practical Field.Geology. By J.H. FARRELL. New York: McGraw- 
Hill Book Co., 1912. Pp. 273+xi; figs. 66; tables 4. $2.50. 
The title of this handbook is in a sense misleading. Instead of 
being an exposition of approved methods with practical pointers and 
helpful short cuts for the use of the general geologist in the field, the word 
practical is here construed as synonymous with mining, and the book 
is avowedly limited to a treatment of the field methods employed by 
ning geologists, engineers, and prospectors. Within the field of mining 
its scope is further limited by the omission of coal and iron from con- 
sideration. And in value coal and iron are the greatest of our mining 
ducts. 
But within its own chosen field the book can be recommended as 


useful guide. In the first five chapters the methods of topographic 
pping and some of the simpler phases and problems of geologic map- 
ig are well described and presented so as to be available for use by 
those who have not had the advantages of elaborate training along 
logical lines. Then come very readable and instructive chapters 
the interpretation of geologic data, general suggestions for geologic 
rk, geological measurements, application of descriptive geometry 
» mining problems, application of geological theory, rock classification, 
logical prospecting, and prospecting by drilling. These discussions 
should be of value to those entering the field of economic geology without 
pecialized training in that line. 
Following the main part of the book is a guide to the “sight recogni- 
tion”? of 120 common or important minerals, by A. J. Moses. 


R. T.C. 


The Coal Fields of King County. By GEORGE WATKINS EVANS. 
Bull. No. 3, Washington Geol. Surv. Pp. 247; figs. 59; 

pls. 23. Olympia, 1912. 
Washington is the only state on the Pacific coast which produces 
al in any quantity and most of this comes from the region between 
Puget Sound and the main range of the Cascades, principally from King 
nd Pierce counties. The coal beds of these two counties belong to 
the Puget formation whose age has been determined as Eocene. In 
character this coal ranges from lignitic bituminous in the less disturbed 
western part of King County to a bituminous coal in the eastern portion 
where crustal movements and igneous activity have been more severe. 
It is a coal that is suited to a great many purposes, though it is not the 
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equal of some of the high-grade eastern coals, or some of the coal from 
the Alaskan fields. The careful studies which have been devoted to the 
geological and commercial problems connected with the King County 
coal fields are well set forth in this bulletin. 


a ox Se 


Geology and Ore-De posits of the Nizina District, Alaska. By FRED W. 
Morrit and STEPHEN R. Capps. Bull. 448, U.S. Geol. Survey. 
Pp. 108; pls. 12; figs. 11. Washington, D.C., 1912. 

The Nizina district is located about eighty miles north of Behring 
glacier between parallels 61° 12’ and 61° 37’ north latitude and meridians 
142° 22’ and 143° west longitude, and embraces about three hundred 
square miles. The sedimentary rocks are Triassic and Jurassic with some 
Quaternary deposits and rest upon greenstone of probable Triassic age 
Deformation and erosion followed Triassic sedimentation with exposur: 
of the underlying greenstone, after which Jurassic sediments accumu 
lated to a thickness of 7,000 feet. Younger rocks may possibly hav: 
been present but if so have been removed. The Jurassic rocks ar 
deformed and cut by great quantities of quartz diorite porphyry in th« 
form of sills and dikes. All the rocks are faulted. Most of the Quater 
nary deposits are related to glaciation. 

Gold is the only metal at present produced on a commercial basi 
but the copper will be important when means of transporting it to the 
coast are developed. The gold is in the form of placers some of which 
are related to glacial deposits though others are not. The copper occurs 
as chalcocite and bornite with small amounts of native metal in the 
amygdaloidal form. The origin of the copper deposits is discussed briefly, 
with full recognition of the speculative nature of the chemical reactions. 

E. A. S. 


The Late Glacial and Post-glacial Uplift of the Michigan Basins 
Earthquakes in Michigan. By WILLIAM HERBERT HoBss 
Mich. Geol. and Biol. Surv. Pub. 5, Geol. Series 3. Pp. 87; 
pls. 4; figs. 53. 

This is a bulletin which is largely intended to present a phase of 
geology ina popular way. The author has preceded his discussion of the 
uplift by a series of notes and drawings of various features that are useful 
in interpreting the history of the basins. These include illustrations of 
present sinking and rising shore lines, sea cliffs, wave-built terraces, 
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abandoned shores, bars, barriers, etc. The departure of the shore line 
from horizontality is used for the determination of the amount and 
direction of tilting. 

Reference is made to the prophecy of Gilbert as to the future reversal 
of the drainage of the St. Lawrence basin but a modification is offered, 
based upon a study of the hinge lines crossing Lake St. Clair, and upon 
the fact that no submergence has been noted near Chicago. The author 
believes that there are no processes now in operation which tend to 
reverse the St. Lawrence drainage and so bring about the predicted 
future discharge through the former Chicago outlet. 

Che hinge lines of tilting have migrated northeastward following 
glacial retreat, so that the present southernmost line lies north of the 
Port Huron isobase. 

[he pamphlet concerning Michigan earthquakes is largely historical. 

E. A. S. 


— 


rnal of the Washington Academy of Sciences. Vol. II, January- 
June, 1912. Washington, D.C. 

[he separate numbers contain advance notices and brief summaries 
of articles to appear in various scientific periodicals. These are of 
marked clearness and value because they are, for the most part, prepared 
by the authors themselves. Occasional complete papers are contrib- 
uted, notably those by Nutting on the ether, and by Brooks on applied 
geology. The proceedings of the local scientific societies are also reported 
and the journal affords a good medium of thought-exchange for the 
large number of progressive scientists that are centered in the capitol 


E. A. S. 


~ 


assic Fishes of Connecticut. By CHARLES R. EASTMAN. Bull. 
18. State Geol. and Nat. Hist. Survey. Pp. 75; pl. 11; 
figs. 8. 
Paleontology should be regarded as an extension of human history 
nd one of its great contributions is the expansion of the principles that 
seem to govern organic and social evolution. 
The view that Triassic deposits of eastern America were formed in 
tidal estuaries that were brackish or nearly fresh is replaced by the con- 
ption that they include torrential fans from neighboring mountains, 
ivial and lacustrine deposits on the lowlands, and probably some 
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estuarine sediments. Accumulations of wind-blown material no doubt 


took place on the land. Judgment based on paleobotanical evidence has 
previously correlated the Triassic system with the European Keuper, 
but the occurrence of Ptycholepis Marshi (Newberry) in accompaniment 
with Semionotus, Catopterus, and the Crossopterygian genus Diplurus 
has led to the assignment of the Newark to a horizon that corresponds 
in a general way to the interval between the Muschelkalk and the Lower 
Keuper of European marine Trias. The author has discussed the 
significance of the fauna but has not recognized the generally accepted 
classification of the geological time-scale. 


E.A.S 


Geology and Ore Deposits of the Index Mining District. By 
CHARLES E. WEAVER. Bull. 7, Wash. State Geol. Survey. 
Pp. 903; pls. 7° 
A brief discussion of the physical history of the region is given with 
the general geology. The oldest rocks are provisionally assigned to the 
Carboniferous, but, like most of the older rocks of the region, they are 
highly metamorphosed. Much of the geological record is obscure. Some 
good mine maps add to the clearness of the report. 


E.A.S 


Geology and Ore Deposits of the Meyers Mining District, and Geology 
and Ore Deposits of the Oroville-Nighthawk Mining District 
By Josepn B. Umptesy. Bull. 5, Wash. State Geol. Surve 
Pp. 107; figs. 5; pls. 3. 
A reconnaissance report on the general geology and ore deposits of 
these areas; brief description of the various mining properties are 
included; unfortunately no index map accompanies the bulletin. 


E.A.S 
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PUBLICATIONS OF THE CAMBRIDGE 
UNIVERSITY PRESS 


HE University of Chicago Press has become the American 
agent for the scientific journals and the following books 
issued by the Cambridge University Press of England: 


BOOKS 
The Genus Iris. By William Rickatson Dykes. With Forty- 


eight Colored Plates and Thirty Line Drawings in the Text. 


254 pages, demi folio, half morocco; $37.50, postpaid $38.36 


[his elaborate and artistic volume brings together the avail- 
able information on all the known species of Iris. The account 
of each includes references to it in botanical literature and a 
full description of the plant, together with observations on its 
peculiarities, its position in the genus, its value as a garden 
plant, and its cultivation. As far as possible the account of the 
distribution of each species is based on the results of research in 
the herbaria of Kew, the British Museum, the Botanic Gardens 
of Oxford, Cambridge, Berlin, Paris, Vienna, and St. Petersburg, 
and the United States National Museum at Washington. 

The most striking feature of the book is the forty-eight life- 
size colored plates, reproduced from originals drawn from living 
plants—making it a volume of great beauty as well as of scientific 
importance. 


Byzantine and Romanesque Architecture. By Thomas Graham 
Jackson, R.A. Two Volumes, with 165 Plates and 148 Illustra- 
tions. 


Vols. I and II, each 294 pages, crown quarto, half vellum; two vols. $12.50, postpaid $13.25 


This work contains an account of the development in Eastern 
and Western Europe of Post-Roman architecture from the fourth 
to the twelfth century. It attempts not merely to describe the 
architecture, but to explain it by the social and political history 
of the time. The description of the churches of Constantinople 
and Salonica, which have a special interest at this time, is fol- 
lowed by an account of Italo-Byzantine work at Ravenna and in 
the Exarchate, and of the Romanesque styles of Germany, 
France, and England. Most of the illustrations are from 
drawings by either the author or his son, and add great artistic 
value to the volumes. 
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The Duab of Turkestan. A Physiographic Sketch and Account of 
Some Travels. By W. Rickmer Rickmers. With 207 Maps, 
Diagrams, and Other Illustrations. 

580 pages, royal 8vo, cloth; $9.00, postpaid $9.44 

A record of exploration of a little-known region, combined 
with some elementary physiography. The book discusses the 
various geographical elements in the natural organic system of 
the Duab of Turkestan (or Land between the two Rivers) 
between the Oxus and the Jaxartes, the information being strung 
on the thread of an interesting story of travel and mountain 
exploration. The author was at great pains to obtain typical 
views of physical features such as mountains, valleys, and glaciers, 
and also of vegetation, village life, and architecture; and there 
are many diagrams for a clearer understanding of the text. 

The book is especially suitable for colleges, libraries, and 
schools, and for all students or teachers of physical geography 
and natural science. 
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Biometrika. A journal for the statistical study of biological problems. 
Edited by Kart Pearson. Subscription price, $7.50 a volume; single 
copies, $2.50. 

Parasitology. Edited by G. H. F. Nutratt and A. E. Suiptey. Sub- 
scription price, $7.50 a volume; single copies, $2.50. 
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The British Journal of Psychology. Edited by W. H. R. Rivers and 
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The Journal of Agricultural Science. Edited by Prorrssor R. H. 
Burren, A. D. HAL, and Proressor T. B. Woop. Subscription price, 
$3.75 a volume; single copies, $1.25. 

The Biochemical Journal. Edited by W. M. Baytiss and ARTHUR 
HARDEN. Subscription price, $5.25 a volume. 

The Journal of Physiology. Edited by J. N. Lanctey. Subscription 
price, $5.25 a volume. 

Note.—Prices on back volumes vary, and postage from London is 
charged on back volumes and single copies. 
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PERIODICALS PUBLISHED BY THE UNIVERSITY 
OF CHICAGO PRESS 


The Biblical World. Suatter Matuews, Editor in Chief. Published 
monthly, with illustrations. Subscription price, $2.00 a year; single 
copies, 25 cents; foreign postage, 68 cents. 


The School Review. Edited by the Department of Education in the 
University of Chicago. Published monthly, except in July and August. 
Subscription price, $1.50 a year; single copies, 20 cents; foreign 
postage, 52 cents. 


The Elementary School Teacher. Edited by the Faculty of the Ele- 
mentary School of the University of Chicago. Published monthly, 
except in July and August, with illustrations. Subscription price, $1. 50 
. year; single copies, 20 cents; foreign postage 46 cents. 


The Botanical Gazette. Edited by Joun M. Courter. Published 
monthly, with illustrations. Subscription price, $7.00 a year; single 
copies, 75 cents; foreign postage, 84 cents. 


The Journal of Geology. Edited by Tuomas C. CHAMBERLIN. Pub- 
ished semi-quarterly, with illustrations. Subscription price, $4.00 a 
year; single copies, 65 cents; foreign postage, 53 cents. 


The Astrophysical Journal. Edited by Grorce E. Hate, Henry G, 
GALE, and Epwin B. Frost. Published monthly, except in February 
and August, with illustrations. Subscription price, $5.00 a year; single 
copies, 65 cents; foreign postage, 62 cents. 


The American Journal of Sociology. Edited by ALB1on W. SMALL. 
Published bimonthly. Subscription price, $2.00 a year; single copies, 
50 cents; foreign postage, 43 cents. 


The Journal of Political Economy. Edited by the Faculty of Political 
Economy of the University of Chicago. Published monthly, except in 
August and September. Subscription price, $3.00 a year; single 
copies, 35 cents; foreign postage, 42 cents. 


The American Journal of Theology. Edited by the Divinity Faculty 
of the University of Chicago. Published quarterly. Subscription 
price, $3.00 a year; single copies, $1.00; foreign postage, 41 cents. 


The American Journal of Semitic Languages and Literatures. 
Edited by Ropert Francts Harper. Published quarterly. Sub- 
scription price, $4.00 a year; single copies, $1.25; foreign postage, 
20 cents. 


Modern Philology. Joun M. Manty, Managing Editor. Published 
quarterly. Subscription price, $3.00 a year; single copies, $1.00; 
foreign postage, 41 cents. 














THE UNIVERSITY OF CHICAGO PRESS 








The Classical Journal. Fraxx J. Micter, ARTHUR T. WALKER, and 
Cuar.es D. ApAms, Managing Editors. Published monthly, except in 
July, August, and September. Subscription price, $1.50 a year; single 
copies, 25 cents; loreign postage, 24 cents. 


Classical Philology. Pav. Suorry, Managing Editor. Published quar- 
terly. Subscription price, $3.00 a year; single copies, $1.00; foreign 
postage, 23 cents. 


The University of Chicago Magazine. Edited by a Board c* Alumni. 
Published nine times a year. Subscription price; $1.50 a year; single 
copies, 20 cents; foreign postage, 27 cents. 


Journal of the Association of Collegiate Alumnae. Published by the 
Association at the University of Chicago Press. Issued in January, 
March, April, and May of each year. Subscription price, $1.00 a year; 
single copies, 25 cents; foreign postage, 16 cents. 


The English Journal. James Fieminc Hostc, Managing Editor. 
Published monthly, except in July and August, by the National Council 
of Teachers of English, at the University of Chicago Press. Subscrip- 
tion price, $2.50 a year; single copies, 30 cents; foreign postage, 
45 cents. 
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Publications of the National Society for the Study of Education 

(Formerly the National Herbart Society). 

The annual reports (each issued in two parts) contain important papers 
and discussions on pedagogical subjects, concerning which detailed infor- 
mation will be furnished on request. The Yearbooks for 1895-99, for 
1902-6, and for 1907-11 have been bound together, the price of each 
volume being $5.00, postpaid $5 . 30. 


Annual Tables of Constants and Numerical Data, Chemical, 
Physical, and Technological. Issued by an International 
Commission Appointed by the Seventh International Congress 
of Applied Chemistry. 

We are distributing agents for this publication in the United States. 
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American Permian Vertebrates 
By SAMUEL W. WILLISTON 


HIS work comprises a series of monographic studies, with briefer 
notes and descriptions of new or little-known amphibians and 
reptiles from the Permian deposits of Texas and New Mexico. 
The material upon which these studies are based was for the 
most part collected during recent years by field parties from the University 
of Chicago. The book is offered as a contribution to knowledge on the 
subject of ancient reptiles and amphibians, with such summaries and 
definitions based chiefly on American forms as our present knowledge per- 


mits. The work is illustrated by the author. 





228 pages 8vo, cloth 


Net $2.50 Postpaid $2.68 
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THE STUDY OF STELLAR 
EVOLUTION 


An Account of Some Modern Methods 
of Astrophysical Research 


By GreorGe Ettery HALe, Director of the 
Solar Observatory of the Carnegie Institution, 
Mount Wilson, California. 

“The Study of Stellar Evolution” explains, 
in a p ir way, how the life-histories of the 
sun and stars are investigated. A brief histori- 
cal 1, in which the general purposes and 
met! f astrophysical research are outlined, is 
follo by several chapters on the sun, the only 
tar is near enough the earth to be studied 
in det An account of the spectroheliograph, 
whicl ves pictures of the sun, showing the 
fi invisible clouds of calcium or iron vapor, 
or of lrogen gas—introduces a series of chap- 
ters ribing recent methods of solar and 
stellar research developed at the Yerkes and 
Mount Wilson observatories. 





250 pa 104 plates 8vo,cloth Postpaid, $4.27 
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Quantitative Classification 

















of Igneous Rocks 





Based on Chemical and Mineral Characters 


With an Introductory Review of the Devel- 
opment of Systematic Petrography 
in the Nineteenth Century 


By Wurrman Cross, Joserx P. Ippincs, Louis V. Pirs- 
son, and Henry S. WASHINGTON 


“THE BOOK presents in detail the new system of classi- 
fication and nomenclature proposed by the authors, It 
contains a series of tables to aid in the calculation of 

mineral and chemical compositions of rocks, and a glossary 
of the new terms employed in the nomenclature. Having 
traced the development of petrography during the past 
century, the authors discuss the defects of the present system 
of classification, the basis on which a proper classification 
must be made, and the construction of the system proposed, 
The new nomenclature is then presented in full, including 
magmatic and rock names; and the last part of the book 1s 
devoted to methods of calculation, the tables, and the 
glossary. The book answers a need widely felt among 
petrologists in the last few years for a new petrographic 
system into which could be fitted the recent large additions 
to our knowledge of rocks. 


286 pp., 8vo, cloth; net $1.75, postpaid $1.91 
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Outlines of Geologic History with 
Especial Reference to North America 





Symposium Organized by 
BAILEY WILLIS 
Compilation Edited by 
ROLLIN D. SALISBURY 


™~ EOLOGISTS and all readers of geologic 
literature will welcome the publication, 
i in book form, of an important series of 
essays and discussions on the subject of geologic 
correlation under the title, Oudlines of Geologic 
History with Especial Reference to North America. 
They embody the present state of knowledge 
and opinion concerning many of the funda- 
mental problems of North American geology 
and form an admirable supplement to earlier 
treatises and manuals. 
The value of the book is greatly enhanced 
by the fifteen paleogeographic maps by Bailey 
Willis which accompany the papers 
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Physical Chemistry in the 
Service of the Sciences 


By JACOBUS H. VAN’T HOFF 
(English Version by Alexander Smith) 


Dealing with the theories of solution, 
osmotic pressures, the chemistry of 
space, the formation of geological salts, 
and the influence of heat and variations 
in temperature on crystallization, etc., 
the book will be of especial interest to 
instructors in Chemistry and Physiology, 
physicians, geologists, and analytical 


chemists. 
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Announces that a representative stock selected 
from its list of books and pamphlets is carried by 


The Baker and Taylor Company 
33 East 17th St., New York, N.Y. 


Patrons located east of Buffalo and Pittsburgh 
will effect a material saving in time by placing 


their orders through this agency. 
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GOODE’S BASE MAPS 


a series of outline maps for all classes of work in applied 
sciences and the various fields of research 





Prepared by 


J. PAUL GOODE 


Associate Professor of Geography in the University of Chicago 


This series is designed to meet the needs of teachers and students ina 
wide variety of work with maps. The maps are adapted to the use of | 
classes of every grade, from the university to the common school: in 
geography, including commercial or economic geography, in physiography, 
geology, botany, zodlogy, anthropology and ethnology, sociology, econom- 
ics, politics and history. 

The maps have been prepared by being first drawn on a large scale, to 
insure accuracy of detail, and then greatly reduced in the engraving. In 
the quality of the drawing they are superior to most maps used in books 
and magazines. 


In two Sizes 
8 x 10} in., 1 cent each 
15x 10} in., 3 cents each 


. The World: on Mercator’s projection. No. 14. The British Isles: conic projection. 
. North America: onan equal-area pro- No. 16. Europe, Western and Southern: conie 7 
jection. projection. 
South America: Sanson’s projection. No. 17. France: conic projection. 
. Europe: conic projection. No. 18. The Spanish Peninsula: conic projec- 
tion. 


. Asia: Lambert’s equal area 
Italy: conic projection. 


. Africa: Sanson’s projection. NO. 19. 

. Australasia: Mercator’s projection. No. 20. Central Europe: conic projection.* 

. America (U.S.): conic projection.* . 21. The German Empire: conic projec- 

America (U.S.): state outlines only; tion. 
conic projection. No. 24. The Levant: conic projection.* 


* Double size, not yet ready. 


When ordering the small or standard size, reference to the map desired should be by the appro- 
priate number in the above list. When the double-size map is desired, the symbol “A”’ should 
follow the number. Thus, No. 4 means the 8x10} inch map of Europe; No. 4A means the 
15 x 104 inch map of Europe. 


Map of America (U.S.) Showing All Counties 


15 x 10$in., 3 cents each 
21x15 in., 5 cents each 
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